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0.2000 


0.0100 1.3300 0.3720 

0.30200E-02 

0.60000E-03 

0.10000E 

01 

0.78947E 

00 0.28226E 

01 0.10244E 

01 0.2601; 

0.16435E 

01 

0.32653E 

00 






B16-4 S(CR-GY) 


0.0 


-0.73467E-01 

-0.34435E 00 

-0.41782E 00 

0.84644F. 00 

0.20000EO 1 


-0.22760E-01 

0.38598E-01 

0.1 5839E-01 

0.12801 F.01 

0.40000EO 1 


0.27064E-01 

0.70694E 09 

0.73409E 00 

0.19983E01 

0.60090EO 1 


0.60693E-01 

0.10797E 01 

0.1 1404E 01 

0.2404 7 E 0! 

O.SOOOOEO! 


0.76607E-01 

0.97519E 00 

0.105 18E 01 

0.23 160E 01 

0.100O0E02 


0.72666E-01 

0.44924W 00 

0.52190E 00 

0.1 7862F. 01 

0.12000E02 


0.49619E-01 

-0.25667E 00 

-0.20705E 00 

0.10572E 01 

0.14000E02 


0.I0421E-01 

-0.62571E 00 

-0.6I529E 00 

0.64896E 00 

0.16000E02 


-0.23401E-01 

-0.58470E 00 

-0.60810E 00 

0.65615E 00 

0.18000E02 


-0.44458E-01 

-0.52954E-00 

-0.57399E 00 

0.69026E 00 

0.20000E02 


-0.60626E-01 

-0.4801 7E-00 

-0.54991E 09 

0.71334E00 

0.21000E01 


-0.71816E-01 

-0.31579E- 0 

-0.-4986IE 00 

0.75565E 00 

0.! 4000E01 


-0.73354E-01 

-0.34433E 00 

-0.41789F. 00 

0.84545E 00 

AVERAGE AND 

MAX. FLUX = 

0.12643E 01 0.23047E 01 
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9.1000 0.0100 1.3300 0.3710 0.30200E-01 0.60000E-03 

0.10000E 0! 0.41353E 00 0.14785E 01 0.10244E 01 0.26015E 01 

0.59901E 0! 0.11901E 01 

B16-2 S(CR-GY) 

0.0 -0.10969E 00 -O.46O71E00 -0.57O4OE00 0.88318E00 

0.20000E01 -0.99046E-02 0.32465E00 0.31474E00 0.I7683E01 

0.40000E01 0 65398E-01 0.13960E01 0.146I4E01 0.29150E01 

0.60000E01 0.11130E 00 0 18124E01 0.19237E01 0.33772E01 

0.80000E01 0.12672E 00 0.14298E01 0.15565E01 0.30101 EOI 

0.10000E02 0.11069E 00 0.42756E00 0.53825E00 0.19918E01 

0.12000E02 0.64526E-01 -O.72589E0O -0.66136E00 0.79222EO0 

0.14000E02 -0.42400E-02 -0.I0991E01 -O.I1034E01 0.35022EOO 

0.16000E02 -0.52664E-01 -0.93096E00 -0.98362E00 0.46996E0O 

0.18000E02 -0.81053E-01 -0.82088EOO -0.90193E00 0.55165E00 

0.20000E02 -0.10312E 00 -0.72431E00 -O.82743E0O 0.62615E00 

0.22000E02 -0.11978E 00 -0.61810E00 -O.73788E0O 0.7157OE00 

0.24000E02 -0.10969E 00 -0.46067E00 -O.57O36E0O 0.88322EO0 

AVERAGE AND MAX. FLUX = 0.14536E 01 0.33772E 01 

0.1500 0.0100 1.3300 0.3720 0.30200E-02 0.60000E-03 

0.10000E 01 0.60I50E 00 0.21505E 01 0.10244E 01 0.26015E 01 

0.28312E 01 0.56250E 00 


B16-3 S(CR-GY) 


0.0 

-0.85871E-0I 

-0.37061E00 

-0.55648E00 

0.89584E00 

0.20000E01 

-0.14319E-0I 

0.18374E00 

0.16942E00 

0.15217E01 

0.40000EO 1 

0.44915E-0I 

0.10057E01 

0.I0506E01 

0.24030E01 

0.60000E01 

0.82187E-01 

0.13716E01 

0.I4538E01 

0.28061E01 

0.80000E01 

0.96494E-01 

0.11317E01 

0.12282E01 

0.25805E01 

0.10000E02 

0.86446E-01 

0.40226E00 

0.48870E00 

0.184I0E01 

0.12000E02 

0.53219E-01 

-0.47736EOO 

-0.42414E00 

0.92818E00 

0.14000E02 

0.1952 IE-02 

-0.82557E00 

-0.82362E00 

0.5287OEOO 

0.16000E02 

-0.36976E-01 

-0.72064E00 

-0.75762E00 

0.5947OEOO 

0.18000E02 

-0.60146E-01 

-0.63919E00 

-0.69934E00 

0.62599E00 

0.20000E02 

-0.77904E-01 

-0.56744E00 

-0.64534E00 

0.70698E00 

0.22000E02 

-0.91021 E-01 

-0.4883 IE00 

-0.57933E00 

0.77299E00 

0.24000E02 

-0.85868E-01 

-0.37059E00 

-0.45664E00 

0.89587E00 

AVERAGE 

AND MAX. FLUX 0.13523E 

01 0.28061E 

01 . 
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LO 


L.I KO Ki 

ALFAU 

ALFA I 

0.0100 


0.1500 0.3720 0.13300 

0.600003-03 

0.30200e-02 

NH 


BINO BIN! NKO 

NKI FOO FOI 

0.10000E 

01 

0.21505E 

01 0.60150E 

00 0.26015E 01 0.10244E 

0.56250E 

00 

0.28313E 

0! 





B 

15-3 S(GY-CR) 


0.0 


-0.85871 E-01 

-0.3706 IE00 

-0.45648E00 

0.89558E 00 

0.20000EQI 


-0.14319E-01 

0.18374EOO 

0.16942E00 

0.1 5217E 01 

0.40000E01 


0.44916E-01 

0.10057E01 

0.10506E01 

0.24030E01 

0.60000E01 


0.82187E-01 

0.13716E01 

0.I4538E01 

0.28061E 01 

0.80000EOI 


0.96494E-01 

0.113I7F.O! 

0.12282E0! 

0.25805E01 

O.IOOOOE02 


0.86446E-01 

0.4O226E00 

0.4887OEO0 

0.18410E 01 

0.12000E02 


0.53220E-01 

-0.47736EO0 

-0.42414E00 

0.928I8E00 

0.14000E02 


0.19520E-02 

-O.82557EO0 

-0.82362E00 

0.52870E00 

0.16000E02 


-0.36976E-01 

-0.72064EO0 

-0.75762E00 

0.59470E00 

0.18000E02 


-0.60146E-01 

-0.63919E00 

-0.69934E00 

P.65299E0O 

0.20000E02 


-0.77904E-0I 

-0.56744EOO 

-0.64534E00 

O.7O698E0O 

0.22000E02 


-0.91021 E-02 

-0.4883 IE00 

-0.57933E00 

0.77299E00 

0.24000E02 


-0.85868 E-01 

-O.37059E00 

-0.45645E0O 

0.89587E00 

AVERAGE AND MAX FLUX = 0 

.13523E 01 

0.28061E 01 



LO 

LI 

KO 

KI 

0.0500 


0.0100 0.3300 0.3720 

0.30200E-02 

0.60000E-03 

0.10000E 

01 

0.22556E 

00 0.80645E 

00 0.10244E 01 0.26015E 

0.20133E 

02 

0.40000E 

01 





B16-I S(CR-GY) 



TIME QT QR 

QU 

IT 

0.0 


-0.15833E 00 

-0.72723E00 

-0.88576E00 

0.68547E00 

0.20000E01 


-0.23577E-01 

0.33139EO0 

O.3O782E00 

0.78790E01 

0.40000E01 


0.80077E-01 

0.18329EO1 

0.19129E01 

0.34842E01 

0.60000E 01 


0.14618E 00 

0.24748E01 

0.26210EO1 

0 41922E01 

0.80000E01 


0.17204E 00 

0.20286E01 

0.22007E01 

0.37719E01 

0.10000E02 


0.15515E 00 

0.70111E00 

0.85627E0O 

0.24275E01 

0.12000E02 


0.95864E-01 

-0.89332E00 

-0.79746EOO 

0.77378E0O 

0.14000E02 


0.27929E-02 

-0.I4416E01 

-0,14388E01 

0.13245E0O 

0.16000E02 


-0.64079E-01 

-0.12466E01 

-0 13106E01 

0.26O58EOO 

0.18000E02 


-0.10485E 00 

-0.11249E01 

-0.1 2298E01 

0.34144E00 

0.20000E02 


-0.I3818E 00 

-0.101 83E01 

-0.11565E01 

9.41473E00 

0.11999E92 


-0.16565E 00 

-0.90! I0E00 

-0.10668E01 

0.50448E00 

0.14099E91 


-9.15853E 99 

-0.71717E00 

-9.78579E 99 

9.58553E00 


AVERAGEANDMAX.FLUX=0.15711 E910.41912E01 
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LO 

LI KO KI 

ALFAU 

ALFA1 

0.0100 

0.0500 0.3720 1.3300 

0.60000e-03 

0.30200e-02 

NH 

BINO BIN1 NKO 

NKI FOO FOI 

0.I0000E 01 

0.80645E 

00 0.22556E 

00 0.26015E 01 0.10244F. 

0.40000E 01 

0.2013 3E 

02 




BI5-1 S{GY-CR) 


0.0 

-0.I5853E 00 

-0.72723F.00 

-O.88576E0O 

0.68547E00 

0.20000EOI 

-0.235 77H-01 

0.331 39E00 

0.30782E00 

0.18790E01 

0.40000E01 

0.80077E-01 

0.18329E0I 

0.19129E0I 

0.34842F.01 

0.60000EO l 

0.14618F. 00 

0.24748F.01 

0.26210E01 

0.41922E01 

0.80000E01 

0.17204E 00 

O.2O286E01 

0.22007E01 

0.377I9E0I 

0.10000E02 

0.15515E 00 

0.701 11E0O 

0.85627F.00 

0.24275E01 

0.12000E02 

095864E-01 

-0.89332E0O 

-O.79746E0O 

0.77377E00 

0.14000E02 

0.27928F.-02 

-0.144I6E0I 

-0.14388E01 

0.13245E00 

0.16000E02 

-0.64079E-01 

-0.12466E01 

-0.13! 06 E 01 

0.26058E00 

0 18000E02 

-0.10485E 00 

-0 11249E01 

-0.1 2298E0! 

0.34144E00 

0.20000E02 

-0.138I8E 00 

-0 10183E01 

-0.11565E01 

0.41473E00 

0.220000E02 

-0.1656E 00 

-0.90110E00 

-0.10668E01 

0.50448E00 

0.240000E02 

-0.1583E 00 

-0.7271 7E00 

-0.88570EOO 

0.68553E00 

AVERAGE AND MAX. FLUX = 

0.15712E 01 

0.4I922E 01 


LO 


LI KO Kl 

ALFAU ALFA! 

0.0100 


0.1000 0.3720 1.3300 

0.60000e-03 

0.30200e-02 

NH 


BINO B1NI NKO 

NK1 FOO 

FOI 

0.10000E 

01 

0.14785E 

01 0.41353E 

00 0.26015E 

01 0.10244E 

0.11901E 

01 

0.5990 IE 

01 





B15-2 S(GY-CR) 


0.0 


-0.10969E 00 

-0.56071E00 

-0.57040E00 

088318E00 

0.20000E01 


-0.99047E-02 

0.32465E0O 

0.31474E00 

0.17683E01 

0.40000E01 


0.65398E-01 

0.1 3960E01 

0.14614E01 

0.291 50E01 

0.60000E01 


0.1 1130E 00 

0.181 24E01 

0.19237E01 

0.33772E01 

0.80000E01 


0.12672E 00 

0.14298E01 

0.1 5565EOI 

0.30101E01 

0.10000E02 


0.1 1069E 00 

0.42756E00 

0.53825E00 

0.I99I8E01 

0.12000E02 


0.64526E-01 

-0.72588E00 

-0.56136E00 

0.79222E00 

0.14000E02 


-0.42400E-02 

-0.10991E01 

-0.1 I034E01 

0.35022E00 

0.16000E02 


-0.52664E-01 

-0.93O96E0O 

-0.98362EOO 

0.46996E0O 

0.18000E02 


-0.8 1053E-01 

-O.82O88E0O 

-0.90193E00 

0.55165EOO 

0.20000E02 


-0.103I2E 00 

-0.72431EOO 

-0.82743E00 

0.62615E00 

0.22000E02 


-0.1 1978E 00 

-0.61810E00 

-0.73788E00 

0.71570E00 

0.24000E02 


-0.10969E 00 

-O.46067E00 

-0.57036E00 

0.88322E00 


AVERAGE AND MAX. FLUX = 0.14536E 01 0.33772E 01 
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LO 


LI KO Kl 

ALFAU ALFAI 


0.1500 


0.0100 0.5600 0.1000 

0.16722e-02 

0.71200e-03 


NH 


BINO BINI NKO 

NK1 FOO 

FOI 


O.IOOOOE 

01 

0.14006E 

01 0.78432E 

01 0.30752E 

01 0.41062E 

02 

0.15677E 

01 

0.66750E 

00 






A1-2-7 S(AS-BR) 




TIME 

QT 

QR 

QU TOTAL 

0,0 


-0.55779E-0I 

-0.40599E 00 

-0.46177E 00 

O.49768E0O 


0.20000E01 


-0.22764E-01 

-0.88321E-01 

-0.11108E 00 

0.84836E00 


0.40000E01 


0.54378E-02 

0.40688E 00 

0.41232E 00 

0.13718E01 


0.60000E01 


0.27092E-01 

0.67348E 00 

0.70057E 00 

0.16600E01 


0.80000E01 


0.4I228E-0I 

0.62749E 00 

0.66872E 00 

0 I6282E01 


0.10000E02 


0.45351E-01 

0.31717E 00 

0.36252E 00 

0.13220E01 


0.12000E02 


0.37191 E-01 

-0.87692E-01 

-0.50512E-01 

0.90894E00 


0.14000E02 


0.17059E-0I 

-0.22822E 00 

-0.21116E 00 

0.74829E00 


0.16000E02 


0.10662E-03 

-0.20524E 00 

-0.20513E 00 

0.75432E00 


O.I8000E02 


-0.14483E-01 

-0.25810E 00 

-0.27258E 00 

0.68687EOO 


0.20000E02 


-0.3I668E-0I 

-0.34060E 00 

-0.37226E 00 

0.58718E00 


LO 


LI KO Kl 

ALFAU ALFAI 


0.2000 


0.0100 0.5600 0.1000 

0.16722e-02 

0.71200e-03 


NH 


BINO BINI NKO 

NKI FOO 

FOI 


O.IOOOOE 

01 

0 I832E 

01 0.10294E 

02 0.30752E 

01 0.41062E 

02 

0.91004E 

00 

0.38748E 

00 





A1-2-8 S(AS-BR) 


TIME QT QR QU TOTAL 

0 0 -0.46I92E-0I -0.30863E 00 -0.35482E 00 O.5O56OE0O 

0.20000E01 -0.23266E-01 -0.84780E-01 -0.10805E 00 0.75238E0O 

0.40000E01 0.14966E-02 0.29605E 00 0.29755E 00 0.I1580E01 

0.60000E01 0.21692E-0I 0.53664E 00 0.55833E 00 0.14I88E01 

0.80000E01 0.35534E-0! O.54198EO0 0.5775IEOO 0.14379EOI 

0.10000E02 0.40273E-01 0.32826E 00 0.36853E 00 0.12290E01 

0.12000E02 0.34356E-01 0.49687E-02 0.39324E-0I 0.89975EO0 

0.14000E02 0.17897E-0I -0.18158EO0 -0.16369E 00 0.69674E00 

0.16000E02 0.87582E-03 -0.21338E 00 -0.21251E00 O.64792E0O 

0.18000E02 -0.13617E-01 -0.26422E 00 -0.27784E 00 0.58259E00 

0.20000E02 -0.28170E-01 -0.31515E 00 -0.34332E 00 0.51711E00 

0.22000E02 -0.41128E-0I -0.33874E 00 -0.37986E 00 0.48056E00 
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LO LI KO KI AL.FAU ALFAI 

0.0500 0.0100 0.5600 0.1000 0.16722e-02 0.71200e-03 

NH BINO BIN1 NKO NK1 FOO FOI 

0.10000E 01 0.52521E 00 0.29412E 01 0.30752E 01 0.41062E 02 

0.11148E 02 0.4767E 01 

Al-2-5 S(AS-BR) 

TIME QT QR QU TOTAL 

0.0 -0.89419E-01 -0.71098E00 -0.80040E00 0.44589E00 

0.20000E01 -0.28297E-01 -0.17402E00 -O.3O232EO0 0.94398E00 

0.40000E01 0.15946E-01 0.62118E00 0.63713E00 0.I8834E01 

0.60000E01 0.44708E-01 0.1I147E01 0.11594E01 0.24057E01 

0.80000E01 0.60527E-01 0.10208EOI O.10813E0I 0.23276E01 

0.10000E02 0.62242E-01 0.41372EOO 0.47597E00 0.17223E0I 

0.12000E02 0.46750E-01 -0.37685E00 -0.33010E00 0.91619E00 

0.14000E02 0.12889E-0I -0.52659E00 -0.51370E00 0.73259E00 

0.16000E02 -0.62777E-02 -0.26714E00 -0.27342E00 0.97288E00 

0.18000E02 -0.16814E-01 -0.20259E00 -0.21941E00 0 10269E01 

0.20000E02 -0.36425E-01 -0.29962E00 -0.33605E00 0.91024E00 

0.22000E02 -0.67714E-01 -0.50182E00 -0.56953E00 0.67676E00 

LO LI KO KI ALFAU ALFAI 

0.1000 0.0100 0.5600 0.1000 0.16722e-02 0.7l200e-03 

NH BINO B1NI NKO NKI FOO FOI 

0.10000E 01 0.96289E 00 0.53922E 01 0.30752E 01 0.41062E 02 

0.33168E 01 0.14122E 01 

A1-2-6 S(AS-BR) 

TIME QT QR QU TOTAL 

0.0 -0.69917E-01 -0.54650E00 -0.61641E00 0.46780E00 

0.20000E01 -0.23646E-01 -O.1394OE0O -0.16305E00 0.92117E00 

0.40000E01 0.10456E-01 O.52799E0O O.53845E00 0.16227E01 

0.60000E01 0.34502E-01 O.86639E0O 0.90089E00 0.19851 E01 

0.80000E01 0.49043E-01 0.77409EOO 0.82313E00 0.19073E01 

0.10000E02 0.52163E-01 O.32812E0O 0.38028E00 0.14645E01 

0.12000E02 0.40907E-01 -0.22150E00 -0.18059E00 0.90363E00 

0.14000E02 0.15335E-01 -0.32848E00 -0.31315E00 0.77107E00 

0.16000E02 -0.17090E-02 -0.20750E00 -0.20921E00 0.875O1E00 

0.18000E02 -0.15063E-01 -0.23I83E00 -0.24690E00 0.83732E00 

0.20000E02 -0.34471E-01 -0.341O5E0O -0.37552E00 0.70870E00 

0.22000E02 -0.58846E-01 -O.47321E0O -0.53205E00 0.55217E90 
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LO LI KO KI ALFAU ALFA I 

0.0100 0.1500 0.1000 0.5600 0.71800E-03 0.16722F.-02 

TIME QT QR QU TOTAL 

0.I0000E 01 0.78431 E 01 0.14006E 01 0.4I408E 02 0.30752E 01 
0.67313E 00 0.15677E 01 

A1 -2-3 S(AS-BR) 



TIME 

QT 

QR 

QU TOTAL 

0.0 

-0.85364E-01 

-0.621 20E00 

-0.70657E 00 

0.25288E00 

0.20000E02 

-0.34858E-01 

-0.1 3527E00 

-0.1 701 3E 00 

0.78932E00 

0.40000EO! 

0.83095E-02 

O.62248EO0 

0.63079E 00 

0.15902E01 

0.60000E01 

0.41460E-01 

0.10306E0I 

0.10721E 01 

0.20315E01 

0.80000E01 

0.63101E-01 

0.96044E00 

0.I0235E 01 

0.19830EOI 

0.10000E02 

0.69415E-0I 

0.48571E00 

0.5551 2F 

0.15146 E 01 

0.12000E02 

0.56931 E-01 

-0.1 3389E00 

-0.76955E-01 

0.88249EOO 

0.14000E01 

0.25121 E-01 

-0.24930E00 

-0.323I8E 00 

0.63627E00 

0.16000E02 

0.16426E-03 

-9.31431E00 

-0.31414E 90 

9.64530F.00 

0.18000E02 

-0.221 72E-01 

-0.39519E00 

-0.41 736E 09 

0.54I08EO0 

0.29000EOI 

-0 48479E-01 

-0.52134E90 

-0.5698IE 00 

0.38964E 90 

0.22900E02 

-0.75662E-91 

-0.61189E00 

-0.69855F. 


LO 

LI KO 

KI 

ALFAU ALFAI 

0.0100 

0.2000 0.1000 0.5600 

0.71 800e-03 

0.1672 2e-02 

NH 

BINO BINI NKO 

NKI FOO 

FOI 

0.10000E 

01 0.10294E 

02 0.1832E 

01 0 41408E 

02 0.30752E 01 

0.39075E 

00 0.91004E 

00 




A1 

-2-4 S(AS-BR) 



TIME 

QT 

QR 

QU TOTAL 

0.0 

-0.70705E-01 

-0 47235E 00 

-0.54063E 00 

0.3I737E00 

0.20000E01 

-0.35634E-01 

-0.12997E 00 

-0.16560E 00 

0.69483E 00 

0.40000E01 

0.22775E-02 

0.45290E 00 

0.45518E 00 

0.1 3156E01 

0.60000E01 

0.33198E-01 

0.82135E 00 

0.85455E 00 

O.I7150EOI 

0.80000EO 1 

0.54393E-01 

0.82974E 00 

0.8841 3E 00 

0.17446E01 

0.10000E02 

0.61652E-01 

0.50276E 00 

0.5644IE 00 

0.14248E0I 

0.12000E02 

052599E-01 

0.78672E-02 

0.60466E-01 

0.92089E 00 

0.14000E02 

0.27406E-01 

-0.27800E 00 

-0.25060E 

0.6O983EO0 

0.16000E02 

0.13429E-02 

-0.32679E 00 

-0.32544E 00 

0.53498EO0 

0.18000E02 

-0.20844E-01 

-0.40454E 00 

-0.42538E 00 

0.43504E 00 

0.20000E02 

-0.43118E-0I 

-0.48239E 00 

-0.52550E 00 

0.33492E 00 

0.22000E02 

-0.62947E-01 

-0.51842E 00 

-0.58137E 00 

0.27906E 00 
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LO 

LI KO K1 

ALFAU 

ALFAI 


0.0100 

0.0500 0.1000 0.5600 

0.71 800E-03 

0.16722E-02 



TIME 

QT 

QR 

QU 

TOTAL 

0.10000E 

01 0.2941 2E 

01 0.52521 E 

00 0.4I408E 02 0.30752E 01 

0.47867F. 

01 0.I1I48E 

02 





AI-2-1 S(AS-BR) 




TIME 

QT 

QR 

QU 

TOTAL. 

0.0 

00 

-O.1O877E0I 

-0.12245E0I 

0.2181 3E-01 


O.20000E01 

-0.4329 IE-01 

-0.4191 2E00 

-0.4624 IE00 

0.78388E 00 


0.40000E01 

0.24392E-01 

O.95O36E00 

0.97476E00 

0.2221 OE 01 


0.60000E01 

0.68396E-01 

0.1 7053E01 

0.1 7737E0I 

0.30200E 01 


0.80000E01 


0.I5616E0I 

0.16542E0I 

0.29005E 01 


0.10000E92 

0.95225E-01 

0.63294E00 

0.72816E09 

0.I9745E 01 


0.12000E02 

0.71 5 2 5E-01 

-0.57644E00 

-O.50492E0O 

0.741 38E 00 


0.14000E02 

0.19724E-0I 

-0.80551E00 

-0.78578E00 

0.4605 IF. 00 


0.16000E02 

-0.96003E-02 

-0.40868EOO 

-0.41828E00 

0.82802F. 00 


0.18000E02 

-0.25724E-01 

-0.31002E00 

-0.33574E00 

0.91055E 00 


0.20000E02 

-0.55731E-91 

-O.45850EOO 

-0.51 423E00 

0.73206E 00 


0.22000E02 

-O.I0360E 00 

-0.76780E00 

-0.87140E00 

0.37489E 00 


LO 

LI KO K1 

ALFAU 

ALFAI 


0.0100 

0.1000 0.1000 0.5600 

0.71800E-03 

0.16 722 E-02 



TIME 

QT 

QR 

QU 

TOTAL 

0.10000E 

01 0.53922E 

01 0.96289E 

00 0.41408E 02 0.30752E 01 

0 14241E 

01 0.33168E 

01 





A1-2-2 S(AS-BR) 




TIME 

QT 

QR 

QU 

TOTAL 

0.0 

-0.I0698E 00 

-0.83608E00 

-0.94306E00 

0.I4I16E 00 


0.20000EG! 

-0.36193E-0I 

-0.21323E00 

-0.24943E00 

0.83479E 00 


0.40000EO 1 

0.1 5990E-01 

0.80781E00 

O.82380F.O0 

0.I9080E 01 


0.600O0E01 

0.52790E-01 

0.I3256E0I 

0.1 3784E0I 

0.24626E 01 


0.80000E01 

075048E-01 

0. f 1845E01 

0.1 2595EOI 

0.23437E 01 


0. IOOOOE92 

0.79826E-01 

0.50225EOO 

0.58208E00 

0.16663E 01 


0.12000E02 

0.62606E-01 

-0.33836E00 

-0.27602E00 

0.80820E 00 


0.14000E02 

0.23478E-91 

-O.5O253EO0 

-0.47905E00 

0.50517E 00 


0.15000E02 

-0.26121E-02 

-0.31765E00 

-0.32O26E00 

0.76396E 00 


0.I8000E02 

-0.23057E-01 

-0.35497E00 

-O.378O3EO0 

0.706 I9E 00 


0.20000E02 

-0.52757E-01 

-0.52204E00 

-O.57480EO0 

0.50942E 00 


0.22000E02 

-0.90046E-01 

-0.71412E00 

-0.81416E00 

0.27006E 00 
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LO LI KO K1 ALFAO ALFA I 

0.1500 0.0100 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH B1N0 BIN 1 NKO NK! FOO FOl 
0.I0000E 01 0.13882E 01 0.21787E 02 0.33512E 01 0.18690E 03 

0.1739! E 0! 0.39375E 00 

A1-1-7 S(BR-CO) 

TIME QT QR QLJ TOTAL 

0.0 -0.39395E-01 -0.28965E 00 -0.32904E 00 0.45349EOO 

0.20000E01 -0.15679E-01 -0.63288E-01 -0.78967E-01 0.70356E00 

0.40000EO 1 0.41246E-02 0.28979E 00 0.29392E 00 0.I0764E01 

0.60000E01 0.19185E-01 0.47751E 00 0.49670E 00 0.12792E0I 

0.80000E0I 0.28936E-01 0.44170E0O 0.47064E 00 O.I 2532EO! 

0.10000E02 0.31702E-0! 0.21817E 00 0.24987E 00 0.10324E01 

0.12000E02 0.25860E-01 -0.70177E-01 -0.44316E-01 0.73821E00 

0.14000E02 0.11621E-01 -0.16338E00 -0.15I76E 00 0.63077E00 

0.16000E02 -0.35722E-04 -0.14085E 00 -0.14089E 00 0.64165E00 


LO L! KO K1 ALFAO ALFA 1 

0.2000 0.0100 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN1 NKO NK 1 FOO FOl 
0.10000E 0! 0.18220F. 01 0.28595F. 02 0.33512E 01 0.I8690E 03 

0.I0095E 01 0.22857E 00 

A1-1-8 S(BR-CO) 

TIME QT QR QU TOTAL 

0.0 -0.32817E-01 -0.22249E 00 -0.25530E 00 0.46063E00 

0.20000EO 1 -0,15979E-01 -0.58117E-0I -0.74096E-0I 0.64183E00 

0.40000E01 0.14383E-02 0.21588E 00 0.21732E 00 0 93325EOO 

0.60000E01 0.15515E-01 0.38394E 00 0.39946E 00 0.11154E01 

0.80000E01 0.25096E-01 0.38213E 00 0.40722E 00 0.1 1232E01 

0.10000E02 0.28305E-01 0.22505E 00 0.25335EOO 0.96928E00 

0.12000E02 0.23995E-01 -0.57216E-02 0.18273E-0! 0.73420E00 

0.14000E02 0.12273E-01 -0.12953E00 -O.11726E 00 0.59867E00 

0.16000E02 0.53060E-03 -0.14634E 00 -0.14581E 00 0.570I2EO0 

0.18000E02 -0.95018E-02 -0.18209EO0 -0.19159E 00 0.52434E00 

0.20000E02 -0.19826E-01 -0.22057E 00 -0.24040E 00 0.47553E00 

0.22000E02 -0.29242E-01 -0.24094E 00 -0.27019E 00 0.44574E00 
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LO 

LI 

KO 

K1 ALFAO 

ALFA 1 


0.0500 

0.0100 0.5650 

0.0360 0.1 8550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 

NKO NKI 

FOO 

FOI 

0.I0000E 

01 0.52057E 

00 

0.8I700E 01 0.33512E 01 

0.I8690E 03 

0.I2367E 

02 0.28000E 

01 






All 

5 S(BR-CO) 




TIME 

QT 

QR 

QU 

TOTAL 


O.o -0.61622E-01 -0.48944E 00-0.55106E 00 0.41035EOO 

0.20000E01 -0.19518E-0! -0.19138E 00-0.21 190E00 0.74951E00 

0.40000E01 0.1 1029E-01 0.42522E 00 0.43625EOO 0.I3977F.01 

O.60000E0I 0.30836E-01 0.76794E 00 O.79878F.O0 0.17602F.01 

0.80000E0I 0.41685F.-01 0.7052IE 00 O.74690E0O 0.17083F.0I 

0.10000E02 0.42808E-01 0.28655E 00 0.32935E00 0.I2908E0I 

0.12000E02 0.32099E-01 -0.26137E OO-O.22927EO0 0.73213E00 

0.14000E02 0.87079E-02 -0.36688E 00-0.35818E00 0.6O323F0O 

0.16000E02 -0.44849E-02 -0.I8559E 00-0.19007E00 O.77133F.O0 

0.18000E02 -0.1 1564E-01 -0.I3768F. 00-0.14924F.00 0.81216E00 

0.20000E02 -0.24885E-01 -0.20229F. 00-0.22718E00 0.73423E00 

0.22000E02 -0.46955E-01 -0.34182E 00-0.38821 F.00 0.57320E00 

LO LI KO K1 ALFAO ALFA I 

0.1000 0.0100 0.5650 0.0360 0.I8550E-02 0.42000E-03 

NH B1N0 BIN! NKO NKI FOO FOI 

0.I0000E 01 0.95437E 00 0.14978E 02 0.335I2E 01 0.18690E 03 

0.36793E 01 0.83306F. 00 

A1-1-6 S(BR-CO) 

TIME QT QR QU TOTAL 

0.0 -0.48890E-01 -0.38361E00 -0.43250E00 0.43030E00 

0.20000EO 1 -0.16353E-0I -0.10094EOO -0.I1729E00 0.7455IE00 

0.40000E01 0.74748E-02 0.3682OEOO O.37568EO0 0.I2385E0I 

0.60000EO I 0.24148E-0I 0.60661E00 O.63O75E00 0.14935E01 

0.80000E0I 0.34155E-01 0.54175E00 0.57590E00 0.14387E0I 

0.10000E02 0.3622 1 E-0 I 0.22734E00 0.26366E00 0.1 I 264E01 

0.12000E02 0.28297E-01 -0.16044EOO -0.I3215E00 0.73065E00 

0.14000E02 0.10381 E-01 -0.23364EO0 -0.22326E00 0.63954E00 

0.16000E02 -0.13465E-02 -0.14363E00 -0.14498E00 0.71782E00 

0.18000E02 -0.10371 E-01 -0.15695EO0 -0.16732E00 0.69548E00 

0.20000E02 -0.23748E-01 -0.23242EO0 -0.25617E00 0.60662E00 

0.22000E02 -0.40857E-01 -0.32718EO0 -0.36803E00 0.49467E00 
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LO 

O.OIOO 

NH 

0.I0000E 

0.39375E 


0.0 

0.20000E01 
0.40000F.O1 
0.60000E0! 
0.80000EOI 
0.10OOOEO2 
0.12000F.02 
0.14000E02 
0.16000E02 
0.18000E02 
0.20000E02 
0.20000E02 

LO 

0.0100 

NH 

O.IOOOOE 

0.22857E 


0.0 

0.20000E01 
0.40000E01 
0.60000E01 
0.80000E0I 
0.10000E02 
0.12000E02 
0.14000E02 
0.16000E02 
0.18000E02 
0.20000E02 
0.22000E02 


LI KO K1 

ALFAO 

ALFA1 

0.1500 0.0360 0.5650 

0.42000E-03 

0.18550E-02 

B1N0 

BIN 1 NKO 

NK1 

FOO FO 

11 0.21787E 

02 0.13882E 

01 0.I8690F. 03 0.3351 

10 0.17391E 

01 



A1-1-3 S(C0-BR) 


TIME 

QT 

QR 

QU 

-0.82792E-01 

-0.60872E00 

-0.6915 1 E 00 

0.91018E-01 

-0.32950E-01 

-0.1 330IE00 

-0.16595E 00 

0.61658E 00 

0.86682F.-02 

0.60903E00 

0.61770E 00 

0.14002E 01 

0.403 19E-01 

O.IOO35E0I 

0.I0439F. 

0.18264F. 01 

0.60812E-01 

0.92827E00 

0.98908E 00 

0.17716E 01 

0 66624E-01 

0.4585OEO0 

0.52512E 00 

0.13077E 01 

0.54348F.-01 

-0.14748EOO 

-0.93I36E-0I 

0.68939E 00 

0.24422E-01 

-0.34336EO0 

-0.3I894E 00 

0.46360E 00 

-0.75024E-04 

-0.29601 E00 

-0.29608E 00 

0.48645E 00 

-0.2I048E-01 

-0.3698 IE00 

-0.39086E 00 

0.39167E 00 

-0.46324E-01 

-0.49438EOO 

-0.54070E 00 

0.241 83F. 00 

-0.73064E-01 

-0.60050EOO 

-0.67357E 00 

0.10896E 00 

LI KO K1 

ALFAO 

ALFA 1 

0.2000 0.0360 0.5650 

0.42000E-03 

0.18550F.-02 

B1N0 

BIN 1 NKO 

NK1 

FOO FO 

)1 0.28595E 

02 0.18220E 

01 0.I869OE 03 0.3351 

)0 0.10095E 

01 



A1-1-4 S(BR-CO) 


TIME 

QT 

QR 

QU 

-0.68957E-01 

-0.46757E 00 

-0.53654E 00 

0.17939E00 

-0.33580E-01 

-0.I2214E 00 

-0.15572E 00 

0.56021 E00 

0.30228F.-02 

0.45370E 00 

0.45672E 00 

0.1 1726F.01 

0.32606E-01 

0:80689E 00 

0.83950E 00 

0.15554E01 

0.52742E-01 

0.80308E 00 

0.85582E 00 

0.15717 E 01 

0.59485E-01 

0.47296E 00 

0.53245E 00 

0.12484E0I 

0.50428E-0I 

-0.12025E-01 

0.38403E-0! 

0.75433E00 

0.25793E-01 

-0.27222E 00 

-0.24642E 00 

0.46950E00 

0.1 1151E-02 

-0.30754E 00 

-0.30642E 00 

0.40950E00 

-0.19969E-01 

-0.38267E 00 

-0.40264E 00 

0.31 329EOO 

-0.41666E-0I 

-0.46355E 00 

-0.505 12E 00 

0.21071EOO 

-0.6 1455E-01 

-0.50636E 00 

-0.56782E 00 

0.1481 1E 00 


TOTAL 


01 


TOTAL 
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LO 

LI KO K1 

ALFAO 

ALFA 1 

0.0100 

0.0500 0.0360 0.5650 

0.42000E-03 

0.18550E-02 

NH 

B1N0 

BIN 1 NKO 

NK1 

FOO FO 

0.I0000E 

01 0.8I700E 

01 0.52057F. 

00 0.18690E 03 0 3351 

0.28000F. 

01 0.12367F. 

02 





31-1-1 S(C0-BR) 



TIME 

QT 

QR 

QL 

0.0 

-0.I2950E 00 

-0.10286E01 

-0.1 1581 EOI 

-0.I9670F.00 

0.20000EO 1 

-0.41019E-0I 

-0.4043 IEOO 

-0.44533E00 

0.51608E 00 

0.40000E01 

0.231 79E-01 

O.89363E00 

0.91681 E00 

0.18782E 0! 

0.60000E01 

0.64804E-01 

0.16139E 01 

0.16787E01 

0.26401 E 0! 

0.80000E01 

0.87605E-01 

0.14821E01 

0.I5697E01 

0.25311E 01 

0.10000E02 

0.89965E-01 

0.60220F.00 

0.6921 7E00 

0.16536E 01 

0.12000F.02 

0.67458E-01 

-O.54930E00 

-0.48184E 00 

0.47957E 00 

0.14000E02 

0.18300E-01 

-0.771O4E0O 

-0.75274F 00 

0.20867F. 00 

0.16000E02 

-0.94254E-02 

-0.3 9003 E 00 

-0.39946E 00 

0.56195E 00 

0.18000E02 

-0.24304E-01 

-0.28935E00 

-0.31 365E00 

0.64776E 00 

0.20000E02 

-0.52298E-01 

-0.425 I3E00 

-O.47743EO0 

0.48398E 00 

0.22000E02 

-0.97503E-01 

-0.71835E00 

-O.8I586F00 

0.14555E 00 

LO 

LI KO K1 

ALFAO 

ALFA 1 

0.0100 

0.1000 0.0360 0.5650 

0.42000E-03 

0.18550E-02 

NH 

BINO 

BIN 1 NKO 

NKI 

FOO FO 1 


0.10000E 01 0.14978F. 02 0.9547E 00 0.l'8690E 0.1 0.33512F. 01 

0.83306E 00 0.36793E 01 

A1-1-2 S(CO-BR) 

TIME QT QR QU TOTAL 

0.0 -0.10275E 00 -O.806I8E0O -0.90893F.00 -0.46136E-01 

0.20000E01 -0.34368E-01 -0.2I213EOO -0.24649E00 0.6I630F.00 

0.40000E 01 0.15709E-01 0.77381E 00 0.78952E00 0.16523E 01 

0.60000E 01 0.50750E-01 0.12748E 01 0.13256E0I 0.21884E0I 

0.80000E01 0.71 779E-01 0.1I385E0I 0.12103E01 0.20731 E 02 

0.10000E 02 0.76121 E-01 0.47777E00 0.55389E00 0.14I67E01 

0.12000E02 0.59468E-01 -O.33719E 00 -0.27772E00 0.58508F. 00 

0.14000E 02 0.21818E-0 I -0.49102E 00 -0.46920F.00 0.39360E 00 

0.16000E02 -0.28298E-02 -0.30185F.OO -O.3O468EO0 0.5581 IE 00 

0.18000E02 -0.21797E-01 -0.32984E00 -0.35I63E00 0.51 I 16E 00 

0.20000E 02 -0.49908E-01 -0.48846E 00 -0.53837E00 0.32442E 00 

0.22000E 02 -0.85865E-01 -0.68759E00 -0.77346E00 0.89336E-01 
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L.O 


L.1 K0 

K1 

ALFAO 

ALFA 1 

0.4800 


0.0500 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


B1N0 BIN 1 NK0 NK1 

FOO FOI 

0.10000F. 

01 

0.45983E 0 

1 0.72168E 

02 0.33512E 0! 0.I8690E 

0.15849F. 

00 

0.35885E-01 






B5-4- 

■10 

S(BR-CO) 


0.0 


-0.1 5232E-01 

•0.11664E 00 

-0.13187E 00 

0.14941 E 00 

0.20000F0I 


-0.I6645E-01 

-0.1133IE 00 

-0.12996E 00 

0.1 5132F.00 

0.40000E01 


-0.101 17E-0I 

-0.40217E-01 

-0.50334E-OI 

0.23095E00 

0.60000EO 1 


-0.10085E-02 

0.85648E-01 

0.84640E-01 

0.36592F.00 

0.80000E01 


0.75088E-02 

0.18805E 00 

O.I9555E 00 

O.47684EO0 

0.10000E02 


0.13446E-01 

0.2I399E 00 

0.22744E 00 

0.50872E00 

0.12000E02 


0.15743E-01 

0.I4736E 00 

0.1631 OF. 00 

0.44438EO0 

0.14000E02 


0.1361 6E-01 

0.21152E-01 

0.34767E-01 

0.31605EO0 

0.16000E02 


0.73693E-02 

-0.64037E-01 

-0.56668E-01 

0.2246 IE 00 

O.I8OOOE02 


0.66001E-03 

-0.97766E-0I 

-0.97106E-01 

O.I8417EOO 

0.20000E 02 


-0.51414E-02 

-0.1101 IE 00 

-0.11525E 00 

0.16603E00 

0.22000E02 


-0.1 0146E-01 

-0.11442E 00 

-0.12457E 00 

O.15671EO0 

AVERAGE AND MAX. FLUX = 0.28128E 00 

0.50872E 00 

L0 


LI K0 

K 1 

ALFAO 

ALFA 1 

4800 

0.0500 0.5650 

0.0360 

0.18550E-02 

0.42000E-03 

NH 


B1N0 BIN 1 NKO NKI 

FOO FO1 

0.10000E 

01 

0.45983E 0 

I 0.72I68E 

02 0.33512E 01 0.I8690E 

0.15849E 

00 

0.35885E-0I 






B5-4 

-10 

S(BR-CO) 


0.0 


-0.15232E-01 

-0.1 1664E 00 

-0.13187E 00 

0 14941 BOO 

0.20000E01 


-0.16645E-01 

-0.11331E 00 

-0.1 2996E 00 

0.151 32EOO 

0.40000E01 


-0.101 I7E-01 

-0.402 1 7E-01 

-0.50334E-01 

0.23095F.00 

0.60000E0! 


-0.10085E-02 

0.85648E-0I 

0.84640E-01 

0.36592E00 

0.80000E0! 


0.75088E-02 

0.18805E 00 

0.19555E 00 

0.47684E00 

0.10000E02 


0.13446E-01 

0.2I399E 00 

0.22744E 00 

0.50872E00 

0.12000E02 


0.1 5743E-0! 

0.14736E 00 

0.I6310E 00 

0.44438E00 

0.14000E02 


0.I3616E-0! 

0.21152E-01 

0.34767E-01 

0.31605E00 

0.16000E02 


0.73693E-02 

-0.64037E-01 

-0.56668E-01 

0.22461E00 

0.18000E02 


0.6600 IE-03 

-0.97766E-01 

-0.97106E-01 

0.18417E00 

0.20000E02 


-0.5 1414E-02 

-0.1101 IE 00 

-0.11525E 00 

0.16603E00 

0.22000E02 


-0.10I46E-01 

-0.11442E 00 

-0.12457E 00 

0.1567IE00 

AVERAGE AND MAX. FLUX = 

0.28128E 00 

0.50872E 00 
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1.0 


LI KO K1 

ALFAO 

ALFA 1 

0.4800 


0.0450 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


B1N0 

BIN 1 NKO 

NK1 

FOO FO1 

0.10000E 

01 

0.45550E 

01 0.71487E 

02 0.33512E 01 0.18690E 

0.16I52E 

00 

0.36571E-01 





B5-4-9 S(BR-CO) 


0.0 


-0.16255E-0I 

-0.12313E 00 

-0.13939E 00 

0.1 5747E00 

0.20000E01 


-0.1 7623E-01 

-0.11920E 00 

-0.I3683E 00 

0.16003 E 00 

0.40000E0I 


-0.10525E-01 

-0.40240E-OI 

-0.50764E-01 

0.24610E00 

0.60000E01 


-0.79268E-03 

0.94074E-01 

0.93281E-01 

0.39014E00 

0.80000EO1 


0.821 89E-02 

0.20186E 00 

0.2I008E 00 

O.5O694EO0 

0.10000E02 


0.14425E-01 

0.22731E 00 

0.24174E 00 

0.53860E00 

0.12000F.02 


0.16738E-01 

0.15425E 00 

0.17098E 00 

0.46784E00 

0.14000E02 


0.14345E-01 

0.18936E-0I 

0.33281 E-01 

0.33014E00 

0.16000E02 


0.76098E-02 

-0.70634E-01 

-0.63024E-01 

0.23384E00 

0.18000E02 


0.47242E-03 

-0.105I2E 00 

-0.I0464E 00 

0.19222E00 

0.20000E02 


-0.56502E-02 

0.1 1725E 00 

-0.12290E 00 

0.17396E00 

0.22000E02 


-0.10906E-0! 

-0.12119E 00 

-0.1 3210E 00 

0.16476E00 

AVERAGE AND MAX. FLUX = 0.29686E 00 

0.53860E 00 

LO 


LI KO K1 

ALFAO 

ALFA 1 

0.4800 


0.0500 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NK1 

FOO FO 1 

0.10000E 

01 

0.45983E 

01 0.72I68E 

02 0.33512E 01 0.18690E 

0.15849E 

00 

0.3588 5E-01 





B5-4-I0 S(BR-CO) 


0.0 


-0.15232E-0I 

-0,1 1664E 00 

-0.I3187E 00 

0.14941E00 

0.20000F.01 

> 

-0.16645E-01 

-0.1 1331E 00 

-0.I2996E 00 

0.1 5132EOO 

0.40000E0I 


-0.101 17E-0I 

-0.402 17E-01 

-0.50334E-01 

0.23095F.00 

0.60000E01 


-0.10085E-02 

0.85648E-01 

0.84640E-01 

0.36592E00 

0.80000E01 


0.75088E-02 

0.18805E 00 

0.I9555E 00 

0.47684E00 

0.10000E02 


0.1 3446E-01 

0.21399E 00 

0.22744E 00 

0.50872E00 

0.12000E02 


0.15743E-01 

0.14736E 00 

0.1631 OE 00 

0.44438E00 

0.14000E02 


0.1 3616E-01 

0.21152E-0I 

0.34767E-01 

0.31 605E00 

0.16000E02 


0.73693E-02 

-0.64037E-0I 

-0.56668E-01 

0.2246 1 E00 

0.18000E02 


0.6600 IE-03 

-0.97766E-01 

-0.97106E-01 

0.184I7E00 

0.20000E02 


-0.51414E-02 

-0.1101 IE 00 

-0.11525E 00 

0.16603E00 

0.22000E02 


-0.10146E-01 

-0.1 I442E 00 

-0.12457E 00 

0.1567IE00 


AVERAGE AND MAX. FLUX = 0.28128E 00 0.50872E 00 
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LO LI KO K1 ALFAO ALFA I 

0.4800 0.0350 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH B1N0 BIN I NKO NK1 FOO FOI 

0.10000E 01 0.44682E 01 0.70I26E 02 0.335I2E 01 0.I8690E 03 

0.16786E 00 0.38006E-01 

B5-4-7 S(BR-CO) 

o.o -0.18738E-01 -0.I3852E00 -0.15725E00 O.I7659F.OO 

0.2O000E0! -0.19948E-01 -0.13303E0O -0.15298E 00 0.I8086F.00 

0.40000E01 -0.1 1418E-01 -0.39408E-OI -0.50826E-01 0.28302E00 

0.60000EO 1 -0.172650-03 0.1I548E 00 0.II530E00 O.44915E0O 

0.80000E01 0.10006E-01 0.23580E 00 0.24581E 00 0.57965F.00 

0.10000E02 0.16819E-0I 0.25920E 00 0.27602E 00 0.60986E00 

0.12000E02 0.19122E-01 0.16981E 00 0.18893E 00 0.52277E00 

0.14000E02 0.16047E-01 0.12236E-01 0.28283E-0I 0.362I2F.00 

0.16000E02 0.81059E-02 -0.87328E-01 -0.79223E-0I 0.25462E00 

0.18000E02 -0.55176E-04 -0.12303E 00 -0.12309E 00 0.21075E00 

0.20000E02 -0.69296E-02 -0.13435E00 -0.14I28E 00 0.19257E00 

0.22000E02 -0.12767E-01 -0.I3727E 00 -0.15004E 00 0 18381E 00 

AVERAGE AND MAX. FLUX = 0.33384E 00 0.60986E 00 

LO LI KO K1 ALFAO ALFA 1 

0.4800 0.0400 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NKI FOO FOI 

O.IOOOOE 01 0.45116E 01 0.70807E 02 0.33512E 01 0.18690E 03 

0.16465E 00 0.37278E-01 

B5-4-8 S(BR-CO) 

0.0 -0.17414E-01 -0.13038E 00 -0.14780E 00 0.I6647E00 

0.20000E0! -0.18717E-01 -0.I2574E00 -0.I4446E 00 0.1698 I E00 

0.40000E01 -0.10959E-01 -0.40010E-01 -0.50969E-01 0.26330E00 

0.60000E01 -0.52037E-03 0.10389E 00 0.10337E 00 0.41764E00 

0.80000E01 0.90418E-02 0.21764E 00 0.22668E 00 0.54094E00 

0.100O0E02 0.15540E-01 0.24228E 00 0.25782E 00 0.57209E00 

0.12000E02 0.17856E-01 0.16172E 00 0.I7958E 00 0.49384E00 

0.14000E02 0.15152E-01 0.16045E-01 0 31197E-01 0.34546E00 

0.16000E02 0.78571E-02 -0.78308E-01 -0.70450E-01 0.24382E00 

0.18000E02 0.23894E-03 -0.1I347E 00 -0.11323E 00 0.20104E00 

0.20000E02 -0.62396E-02 -0.12527E00 -0 13151E 00 0.18276EO0 

0.22000E02 -0.11771 E-01 -0.12876E 00 -0.14053E 00 O.17374EO0 

AVERAGE AND MAX. FLUX = 0.31427E 00 0.572Q9E 00 
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LO LI KO K1 ALFAO ALFA I 

0.4800 0.0250 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NKI FOO FOI 

0.10000E 01 0.43814E 01 0.68764E 02 0.33512E 01 0.18690E 03 

0.I7457E 00 0.39526E-01 


B5-4-5 S(BR-CO) 


0.0 

-0.22037E-01 

-0.1581 IE 00 

-0.I8014E 00 

0.20121 E00 

0.20000E 01 

-0.22928E-01 

-0.15039E 00 

-O.I7332E 00 

0.20803E00 

0.40000E 01 

-0.12380E-01 

-0.36251 E-01 

-0.48631 E-01 

0.33272E00 

0.60000E 01 

0.86752E-03 

0.1461 IE 00 

0.14698E 00 

0.52832E00 

0.80000E 01 

0.1251 8E-01 

0.28I76E 00 

0.29428E 00 

0.67563E00 

0.10000E 02 

0.2003 IE-01 

0.30048E 00 

0.3205IE 00 

0.70186E00 

0.12000E02 

0.22221E-01 

0.18780E 00 

0.2I002F. 00 

0.59137E00 

0.14000E 02 

0.18152E-01 

0.30519E-03 

0.1 8457F.-01 

0.39981F.00 

0.16000E 02 

0.85659E-02 

-0.1 1095E 00 

-0.10239E 00 

0.27896E00 

0.I8000E02 

-0.91606E-03 

-0.14691E 00 

-0.14782E 00 

0.23353E00 

0.20000E 02 

-0.87263E-02 

-0.15651E 00 

-0.16524E 00 

0.2161 IE00 

0.22000E 02 

-0.15278E-01 

-0.15785F. 00 

-0.17313E 00 

0.20822E00 

AVERAGE AND MAX FLUX = 

0.38I35E 00 0.70I86E 00 


LO LI KO K1 ALFAO ALFA 1 

0.4800 0.0300 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NKI FOO FOI 

0.I0000E 01 0.44248E 01 0.69445E 02 0.33512E 01 0.18690E 03 

0.171 16E 00 0.38754E-01 


B5-4-6 S(BR-CO) 


0.0 

-0.20262E-01 

-0.14769E 00 

-0.I6795E 00 

0.18806E00 

0.20000E01 

-0.21342E-01 

-0.14120E 00 

-0.16254E 00 

0.19348E00 

0 40000F.01 

-0.11895E-01 

-0.38249E-01 

-0.50I44F.-0I 

0.30587E00 

0.60O00E01 

0.27719E-03 

0.12932E 00 

0.12959E 00 

0.48561E00 

0.80000EO 1 

0 1 1147E-0I 

0.25693E 00 

0.26807E 00 

0.62409E00 

0.10000E02 

0.18299E-01 

0.27845E 00 

0.29675E 00 

0.65276E00 

0.12000E02 

0.20565E-01 

0.17852E 00 

0.19908E 00 

0.5551OEOO 

0.14000E02 

0.1 7043E-01 

0.71580E-02 

0.24201 E-Ol 

0.38022EOO 

0.16000E02 

0.83472E-02 

-0.98052E-01 

-0.89704E-01 

0.2663 IE00 

0.18000E02 

-0.43048E-03 

-0.I3407E 00 

-0.13450E 00 

0.22152E00 

0.20000E02 

-0.77466E-02 

-0.14467E 00 

-0.15242E 00 

0.20360E00 

0.22000E02 

-0.1 3923E-01 

-0.14689E 00 

-0.16082E 00 

0.19520E00 


AVERAGE AND MAX. FLUX = 0.35602E 00 0.65276E 00 
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LO LI KO K1 ALFAO ALFA I 

0 4800 0.0150 0.5650 0.0360 0.I8550E-02 0.42000F-03 

NH BINO BIN 1 NKO NKI FOO FOl 

0.10000E 01 0.42947E 01 0.67402E 02 0.33512E 01 0.I8690E 03 

0.I8170K 00 0.41139E-01 


B5-4-3 S(BR-CO) 


0.0 

-0.2661 2E-01 

-0.18369E 00 

-0.21031H 00 

0.2343 1EOO 

0.20000E01 

-0.26823E-01 

-0.17255E 00 

-0.I9937E 00 

O.24525E00 

0.40000E0! 

-0.1 3260E-01 

-0.27649E-01 

-0.40908E-01 

0.40371 E00 

0.60000E01 

0.27216E-02 

0.19288E 00 

0.19560E 00 

O.64O22E00 

0.80000E01 

0.16250E-T) 1 

0.34690F. 00 

0.363 15E 00 

O.80776EO0 

0.10000F.02 

0.24525E-01 

0.35522F. 00 

0.37975E 00 

0.8 243 7 E00 

0.1 2000E02 

0.26364E-0! 

0.20723E 00 

0.23359E 00 

0.67821E00 

0.14000E02 

-0.20758E-01 

-0.2209 IE-01 

-0.1 3337E-02 

0.44328E00 

0.16000E02 

0.88164F.-02 

-0.I4605E 00 

-0.13723E 00 

0.30739E00 

0.18000E02 

-0.24056E-02 

-0.17984E 00 

-0.I8225F. 00 

0.26237E00 

0.20000E02 

-0.1 I391E-OI 

-O.I86I3E 00 

-0.19752E 00 

0.24710F.00 

0.22000E02 

-0.1 8822E-OI 

-0.18493E 00 

-0.20376E 00 

0.24086E00 

AVERAGE AND 

MAX FLUX = 

0.44462E 00 1 

0.82437E 00 


LO LI KO K1 ALFAO ALFA I 

0.4800 0.0200 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NKI FOO FOl 


0.10000E 

0.17 808 E 

01 0.43380E 

00 0.40320E-01 

B5 

01 0.68083E 

-4-4 

02 0.33512E 

S(BR-CO) 

01 0.18690E 

0.0 

-0.241 24F.-0I 

-0.1 700IE 00 

-0.I94I3E 00 

0.21643E00 

0.20000EO 1 

-0.2474IE-01 

•0.16079E 00 

-0.18553E 00 

0.22503E00 

0.40000E01 

-0.1 2849E-01 

-0.32963E-0I 

-0.4581 2E-01 

0.36475E00 

0.60000EO 1 

0.16545E-02 

0.16682E 00 

0.16848E 00 

0.57904E00 

0.80000E01 

0.14187E-01 

0.311 31E 00 

0.32550E 00 

0.7 36.06 E00 

0.10000E02 

0.22078E-01 

0.32586E 00 

0.34794E 00 

0.75850E00 

0.12000E02 

0.24135E-01 

0.19749E 00 

0.22162E 00 

0.6321 8F.00 

0.14000E02 

0.1 9387E-01 

-0.90706E-02 

0.10317E-01 

0.42088E00 

0.16000E02 

0.87365E-02 

-0.I2667E 00 

-0.1 1793E 00 

O.29263E00 

0.18000E02 

-0.1 5539E-02 

-0.I6198E 00 

-0.16354E 00 

O.247O3E0O 

0.20000E02 

-0.991 79E-02 

-0.170I9E 00 

-0.1801 IE 00 

0.23045E00 

0.22000E02 

-0.16887E-01 

-0.1 704IE 00 

-0.18730E 00 

0.22326E00 


AVERAGE AND MAX. FLUX = 0.41056E 00 0.75850E 00 
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LO LI KO K1 ALFAO ALFA 1 

0.4800 0.0050 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NK1 FOO FOl 

O.IOOOOE 01 0.42079E 01 0.6604IE 02 0.33512E 01 0.18690E 03 

0.I8927F. 00 0.42853E-01 

B5-4-1 S(BR-CO) 


0.0 

-0.33302E-01 

-0.21788E 00 

-0.25119E 00 

0.28188E 00 

0.20000E01 

-0.31916E-0I 

-0.20042E 00 

-0.23234E 00 

0.30072E 00 

0.40000E01 

-0.1 3520E-01 

-0.49221 E-02 

-0.! 8442E-01 

0.51462E 00 

0.60000E01 

0.62691E-02 

0.27033E 00 

0.1 7660E 00 

0.809663 00 

0.80000E01 

0.22164E-01 

0.44378E 00 

0.46594E 00 

0.99901 E 00 

0.10000E02 

0.311 I8E-0I 

0.42846E 00 

0.45958E 00 

0.99264E 00 

0.12000E02 

0.32057E -01 

0.22321E 00 

0.25526E 00 

0.78833E 00 

0.14000E02 

0.23874E -01 

-0.667I0E-01 

-0.42836E-01 

0.4901 3E 00 

0.16000E02 

0.83645E-02 

-0.20067F. 00 

-0.1923IE 00 

0.34075E 00 

0.18000E02 

-0.51694E-02 

-0.22702E 00 

-0.23219E 00 

0.30088E 00 

0.10000E02 

-0.15629E -01 

-0.12734E 00 

-0.24297E 00 

0.29009F. 00 

0.12000E02 

-0.241 26E -01 

-0.22187E 00 

-O.I4600E 90 

0.28706E 00 


AVERAGE AND MAX. FLUX = G.53396E 00 0.99901E 00 


LO LI KO K1 ALFAO ALFA] 

0.4800 0.0100 0.5650 0.0360 0.18550E-02 0.42000F.-03 

NH BINO BIN 1 NKO NK 1 FOO FOl 


O.IOOOOE 01 

0.18542E 00 

0.4251 3E l 

0.41983E-01 

B5 

31 0.66722E 02 0.33512E 

-4-2 S(BR-CO) 

01 9.I8690E 

9.0 

-0.2961 7E-01 

-0.19953E 00 

-0.22914E 00 

0.25569E00 

0.20000EO 1 

-0.29210E-0I 

-0.I8580E 00 

-0.21501E 00 

0.26983E00 

0.40000E01 

-0.13533E-01 

-0.19050E-01 

-0.32582E-01 

0.45226E00 

0.69000E01 

0.41954E-02 

0.22635E 00 

0.23055E 00 

0.71 539E00 

0.80000E01 

0.18844E-01 

0.39030E 00 

0.40915E 00 

0.89398E00 

0.10000E02 

0.27488E-01 

0.38925E 00 

0 41674E 00 

0.901 58E00 

0.12000E02 

0.28978E-01 

0.21629E 00 

0.24527E 00 

0.7301 IE00 

0.14000E02 

0.22262E-01 

■0.40457F.-01 

-0.1 8195E-01 

0.46664E00 

0.16000E02 

0.87332E-02 

-0.17024F. 00 

-O.I6150E 00 

0.32334E00 

0.18000E02 

-0.35637F.-02 

-0.20120E 00 

-0.20476E 00 

O.28008EO0 

0.20000E02 

-0.13244E-01 

-0.20490E 00 

-0.21814E 00 

0.26670E00 

0.22000E02 

-0.21186E-01 

-0.201 87E 00 

-0.22306F, 00 

0.261 78E00 


AVERAGE AND MAX. FLUX = 0.48484E 00 0.90I58E 00 
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LO 


LI KO K1 

ALFAO ALFA 1 

0.3600 


0.0450 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NKI 

FOO FO1 

O.IOOOOE 

01 

0.3513 8 E 

01 0.55I47E 

02 0.33512F. 

01 0.18690E 

0.27142E 

00 

0.6 1454F.-0 

1 





B5 

-3-9 S(BR-CO) 


0.0 


-0.2003 3F--0I 

-0.I3I49E 00 

-0.I5I52E 00 

0.1 7281 FOO 

0.20000E01 


-0.1 8848E-0I 

-0.1 151 7E 00 

-0.13402E 00 

0-1 9031 FOO 

0.40000E01 


-0.80487E-02 

0.21236F.-02 

-0.59251E-02 

0.31841 FOO 

0.60000F01 


0.37280E-02 

0.I6229F. 00 

0.I6602E 00 

O.49O36EO0 

0.80000E01 


0.I3291E-01 

0.26298F. 00 

0.27627E 00 

0.60060F.00 

0.10000E02 


0.1 871 2E-01 

0.25359E 00 

0.27230E 00 

0.59663F.00 

0.12000E02 


0.19276E-01 

0.1 334IE 00 

0.1 5268E 00 

0.47701E00 

0.14000E02 


0.14354E-01 

-0.35447E-01 

-0.21093E-01 

0.30324E00 

0.16000E02 


0.51 305E-02 

-0.1174IE 00 

-0.1 1228E 00 

0.21205E00 

0.18000E02 


-0.31022E-02 

-0.13806F 00 

-0.I4I61E 00 

0.1831 7E00 

0.20000E02 


-0.95835E-02 

-0.14058E 00 

-0.I50I6E 00 

0.1741 7E00 

0.22000F.02 


-0.14774E-01 

-0.1368IE 00 

-0.I5I58E 00 

0.1 727SE00 


AVERAGE AND MAX FLUX = 0.32433E 00 0.60060E 00 


L0 LI KO K! ALFAO ALFA1 

0.3600 0.0500 0.5650 0.0360 0.I8550F.-02 0.42000E-03 

NH BINO BIN 1 NKO NKI FOO FOI 

O.IOOOOE 01 0.35572E 01 0.55828E 02 0.33512E 01 0.18690E 03 

0.26484F. 00 0 59964F.-01 


B5-3-10 S(BR-CO) 


0.0 

-0.18788E-01 

-0.I2408E 00 

-0.I4287E 00 

0.16296EOO 

0.20000E01 

-0.17845E-01 

-0.I0978E 00 

-0.I2762E 00 

0.1 7820F.OO 

0.40000E0I 

-0.78005E-02 

-0.901 97E-03 

-0.87024E-02 

O.297I2E0O 

0.60000E01 

0.32762E-02 

0.14991E 00 

O.I5318E 00 

9.4590 IE00 

0.80000E01 

0 12331E-OI 

0.2463IF. 00 

0.25864E 00 

0.56446E00 

0.10000E02 

0.17523E-01 

0.23966E 00 

0.15718E 00 

0.56301E00 

0.12000E02 

018160E-01 

0 1 2819E 00 

0.14635E 00 

0.45218E00 

0.14000E02 

0 13632E-01 

-0.30698E-01 

-0.1 7065E-01 

0.28876E00 

0.16000E02 

0.50069E-02 

-0.10917E 00 

-0.10417E 00 

0.20I66E00 

0.18000E02 

-0.27488E-02 

-O.I2935F. 00 

-0.13209F. 00 

0.1 7373EOO 

0.20000E02 

-0.88685E-02 

-0.I3198E 00 

-0.I4084E 00 

0.16498E00 

0.22000E02 

-0.13784E-01 

-0.12867E 00 

-0.I4245E 00 

0.16337E00 

AVERAGE AND 

MAX. FLUX = 

0.30582E 00 0.56446E 00 
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LO 

LI KO 


KI 

ALFAO 

ALFA I 

0.3600 

0.0350 0.5650 

0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO BIN 1 

NKO 

NK1 

FOO FO1 

0.10000E 

01 0.34271 E 

01 

0.53786E 

02 0.33512E 01 0.18690E 

0.28534E 

00 0.64605E-01 






B5- 

3-7 

S(BR-CO) 


0.0 

-0.23068E-01 

-0.14934E 00 

-0.1 7241E 00 

0.19658E00 

0.20000EGI 

-0.21240E-01 

-0.1 2791 E 00 

-0.14915E 00 

0.21984F.00 

0.40000E01 

-0.85695E-02 

0.10376E-01 

0.18063E-02 

0.37080F.00 

0.60000E0I 

0.48973E-02 

0.19323E 00 

0.19812E 00 

0.56711E00 

0.80000E01 

0.15668E-01 

0.30372F. 00 

0.31338E 00 

0.68837E00 

0.10000E02 

0.21610E-01 

0.28694E 00 

0.30855E 00 

0.67754E00 

0.12000E02 

0.21966E-01 

0.1 

4504E 00 

0.16701E 00 

0.53599E00 

0.14000E02 

0.I6054E-01 

-0.47951E-01 

-0.31897E-01 

0.33709E00 

0.! 6000E02 

0.53670E-02 

-0.1 

3772E 00 

-O.I 3235E 00 

0.23663E00 

0.18000E02 

-0.4009 IE-02 

-0.15920E 00 

-0.1632IE 00 

0.20578E00 

0.20000E02 

-0.11354E-01 

-0.1 

6136E 00 

-0.I7272E 00 

0.19627E00 

0.22000E02 

-0.17203E-01 

-0.1 

5648E 00 

-0.I7368E 00 

0.19531 FOO 


AVERAGE AND MAX. FLUX = 0.36899E 00 0.68837E 00 


L0 LI KO K1 ALFAO ALFA1 
0.3600 0.0400 0.5650 0.0360 O.I855OE-02 0.42000E-03 

NH BINO BIN 1 NKO NK1 FOO FOl 
0.I0000E 01 0.34704E 01 0.54467E 02 0.335I2E 01 0.I8690E 03 

0.27825E 00 0.63000E-01 


B5-3-8 S(BR-CO) 


00. 

-0.21447E-01 

-0.I3985E 00 

-0.16I30E 00 

0.18392E00 

0.20000E 01 

-0.19972E-01 

-0.12119E 00 

-0.141 16F. 00 

0.20406E00 

0.40000E 01 

-0.83065E-02 

0.58097E-02 

-0.24968E-02 

0.34272E00 

0.60000E 01 

0.42608E-02 

0.I7657E 00 

0.I8083E 00 

0.526O5E00 

0.80000E 01 

0.14392E-01 

0.28I94E 00 

0.29634E 00 

0.64156EOO 

O.IOOOOE02 

0.20062E-01 

0.26924E 00 

0.2893IE 00 

O.63453E0O 

0.I2000E02 

0.20535E-01 

0.13902E 00 

O.I5955E 00 

0.50477E00 

0.I4000E02 

0.151 57E-01 

-0.411 1 IE-01 

-0.25954F.-01 

0.31927E00 

0.16000F.02 

0.52524E-02 

-0.12684E 00 

-0.12I59E 00 

0.22363E00 

0.18000E02 

-0.35167E-02 

-0.14793E 00 

-0.15145E 00 

0.19377EOO 

0.20000E02 

-0.10403E-01 

-0 15029E 00 

-0.16069E 00 

0.18453E00 

0.22000E02 

-0.1 5904E-01 

-0.1460IE 00 

-0.I6191E 00 

0.I8331E00 

AVERAGE AND 

MAX FLUX = 

0.34522E 00 0.64156E 00 
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L0 


LI K0 K1 

ALFAO 

ALFA 1 

0.3600 


0,0250 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NKt 

FOO FO1 

0.I0000E 

01 

0.33403E 

01 0.52424E 

02 0.33512E 01 0.18690E 

0.30035E 

00 

0.6805E-0! 






B5-3-5 

S(BR-CO) 


0.0 


-0.27137E-01 

-0.I7273E 00 

-0.I9987E 00 

0.22804E00 

0.20000E01 


-0.2431 2E-01 

-0.1439IE 00 

-O.I6822E 00 

0.25969E00 

0.40000E01 


-0.90694E-02 

0.23590E-01 

0.14520F.-01 

0.44243EO0 

0.60000E01 


0.66196E-02 

0.23639E 00 

0.24301 E 00 

0.670921100 

0.80000E01 


0.18936E-01 

0.35844F. 00 

0.37737E 00 

0.805281100 

0.10000E02 


0.25494E-01 

0.3301 IE 00 

0.35560E 00 

0.78351 LOO 

0.12000E02 


0.25496E-01 

O.I5817E 00 

0.18366E 00 

0.61 1571.00 

0.14000E02 


0.18197E-01 

-0.66735E-01 

-0.48539F.-01 

0.379371100 

0.16000F.02 


0.55346E-02 

-0.I6537E 00 

-0.15984E 00 

0.26807E00 

0.18000E02 


-0.53309E-02 

-0.I8735E 00 

-0.I9268E 00 

0.23522E00 

0.20000E02 


-0.13795E-01 

-0.I8894E 00 

-0.20273E 00 

0.225181.00 

0.22000E02 


-0.20492E-01 

-0.I8246E 00 

-0.20296F. 00 

O.22495F.0O 

AVERAGE AND 

MAX. FLUX = 

0.42791 E 00 

0.80528F. 00 

L0 


LI KO K1 

ALFAO 

ALFA 1 

0.3600 


0.0300 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NKI 

FOO FOI 

0.10000E 

01 

0.33837E 

01 0.53I05E 

02 0.33512E 01 0.18690E 

0.29270E 

00 

0.66272E-0 

1 





B5 

-3-6 

S(BR-CO) 


0.0 


-0.24944E-01 

-0.16020E 00 

-O.I8515E 00 

0.21 112E00 

0.20000E01 


-0.22676E-01 

-0.13545E 00 

-0.15813E 00 

0.23814E00 

0.40000E01 


-0.88289E-02 

0.161 42E-01 

0.73132E-02 

0.403581100 

0.60000E01 


0.56689E-02 

0.21288E 00 

0.21855E 00 

0.6 1482EOO 

0.80000E01 


0.17163E-0I 

0.32893E 00 

0.3461 OF. 00 

0.74237F.00 

0.10000E02 


0.23400E-01 

0.30707E 00 

0.3 3047E 00 

0.72674E00 

0,12000E02 


0.23604E-0 1 

0.15145E 00 

0.17505E 00 

0.571 32EOO 

0.14000E02 


0.17 06 1 E-01 

-0.56327E-01 

-0.39266E-01 

0.35700E00 

0.16000E02 


0.54657E-02 

-0.1504IE 00 

-0.14495E 00 

0.25132F.OO 

0.18000E02 


-0.46029E-02 

-0.17220E 00 

-0.17680E 00 

0.21947F.00 

0.20000E02 


-0.12468E-01 

-0.I7410E 00 

-0.18657E 00 

0.20970E00 

0.22000E02 


-0.1871 3E-01 

-0.I6850E 00 

-0.1872IE 00 

0.20906E00 


AVERAGE AND MAX. FLUX = 0.36927E 00 0.74237E 00 
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10 I I KO KI Al l AO ALFA I 

0.3600 0.0150 0.5650 0 0360 0.1 855011-02 0.42000K-03 

NH BINO BIN I NKO NKI FOO | ()l 
0.100001-1 01 0.32535L 01 0.510631- 02 0.335121-2 01 0 18690H 03 

0.3165011 00 0.71 6801-1-01 


0.0 

0 . 200001 : o i 

0.400001: o i 
0.60000F. 0! 
0.800001-101 
0.10000H 02 
0 120001102 
0.140001102 
0.1 60001102 
0.180001102 
0.20000H02 
0.220001102 


B5 

-0.3285411-01 
-0.283 2411-0 1 
-0.93655E-02 
0.9340411-02 
0.2368611-01 
0.3095111-01 
0.3030811-01 
0.2093611-01 
0.5480211-02 
-0.7397911-02 
-0.1737811-01 
-0.2 520311-01 


3- 3 

-0.204531! 00 
-0.1637111 00 
0.4698311-01 
0.3003 711 00 
0.4351 IK 00 
0.3872911 00 
0.1 716111 00 
-0.9672211-01 
-0.204691-1 00 
-0.2266911 00 
-0.227501-1 00 
-0.2 I 85511 00 


BR-CO) 

-0.237391-1 00 
-0.1920331 00 
0.376 I 71-1-01 
0.3097 111 00 
0.4588011 00 
0.4182411 00 
0.201921! 00 
-0.757 86K-01 
-0.1 992IF 00 
-0.23408K 00 
-0.244871.1 00 
-0.243751-1 00 


0.271 831100 
0.3 I 71 81100 
0.546841100 
0.818931-100 
0.968011100 
0.927461100 
0.71 I I 31100 
0 433431100 
0.31OOOFIOO 
0.2751 31100 
0.264341-100 
0.26547F.00 


WI1RAGK AND MAX. Fl.l'X = 0.50922L 00 0.9680111 00 


1° 1-1 K0 K1 ALE AO ALFA 1 

0.3600 0.0200 0.5650 0.0360 0.1855011-02 0.4200011-03 

NH BINO BIN I NKO NK I FOO FOl 
0-I0000E 01 0.3296911 01 0 5174312 02 0.33512K 01 0.186901! 03 

0.3083111 00 0.6980611-01 


B5-3-4 S(BR-CO) 


0.0 

0.20000E01 
0 40000K0I 
0.60000F.O I 
0.80000K01 
0.100001102 
0.120001102 
0.14000F.02 
0.16000F02 
0.18000E02 
0.20000E02 
0.22000F02 


-0.29734F-01 
-0.261 83F-01 
-0.92642F-02 
0.781 2411-02 
0.2 I072K-01 
0.27974E-01 
0.27704E-01 
0.19481F-01 
0.555 14E-02 
-0.62397E-02 
-0.1 5399E-01 
-0.2261 7E-01 


AVERAGE AND 


-0.18733FI 00 
-0.1 53341! 00 
0.3 3 466 E - 01 
0.26498E 00 
0.39334E 00 
0.3566311 00 
0.1 650 IE 00 
-0.79873E-01 
-0.I8320E 00 
-0.20524E 00 
-0.20645E 00 
-0.19889E 00 

MAX. FLUX = 


-0.2 1 7071-1 00 
-0.1 79521-1 00 
0.24202E-01 
0.272791! 00 
0.4 144 I E 00 
0.3846IE 00 
0.19272E 00 
-0.6039211-01 
-0.17765E 00 
-0.21148E 00 
-0.22185E 00 
-0.221 5 IE 00 


0.247971100 
0.285521100 
0.48924F.00 
0.73783E100 
0.87945E00 
0.84964E00 
0.657751100 
0.40464E00 
0.28738EOO 
O.25355EO0 
0.2431 9K00 
0.24352E00 


0.46504E 00 0.87945E 00 
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L.O 

1.1 K0 kl 

Al.FAO 

UFA 1 

0.3600 

0.0050 0.5650 0.0360 

0.1855015-02 

0.4200015-03 

NH 

BIN0 

BIN 1 NkO 

Nkl 

FOO 1-01 

0.100001-. ' 

01 0.3I668E 

01 0.4970 IF 

02 0.335121 

01 0.1869015 

0.3341715 

00 0.756621! 01 




B5 

-3- 1 

S(BR-CO) 


0.0 

-0.4140 IF--01 

-0.2499915 00 

-0.2913915 00 

0.3372915 00 

0.200001-01 

-0.33473F-01 

-0.185I2F 00 

-0.2186015 00 

0.410081.00 

0.400001501 

-0.88786F-02 

0.9489715-01 

0.8601915-01 

0 714701500 

o.600ooi:o i 

0.140371-1-01 

0.4030915 00 

0.4171315 00 

0,104581501 

0.80000 l-:o 1 

0.31 101F-0I 

0.5473515 00 

0.5784515 00 

0.1 20711501 

0.1OOOOK02 

0.3908815-01 

0.4631615 00 

0.5022515 00 

0.1 13091.01 

0.1 20001-02 

0.3716117-01 

0.1 801815 00 

0.217341-5 00 

0.846021500 

0.14000H02 

0.2441 91-2-01 

-0.147321-5 00 

-0.1229015 00 

0.505771500 

0.160001-102 

0.48083F-02 

-0.26279F 00 

-0.2579815 00 

0.370701500 

0.18000F502 

-0.1 093 11.-0 1 

-0.2855515 00 

-0.2964815 00 

0.3 3 21 91500 

0.20000E02 

-0.23140F.-01 

-0.2863IF 00 

-0.3094515 00 

0.319231500 

0.22000K02 

-0.32553F-01 

-0.27296E 00 

-0.3055215 00 

0.323161500 

AVERAGE AND 

MAX 111 X - 

0.6286815 00 ( 

5)1207 1 15 0 1 

1.0 

1.1 KO kl 

Al.FAO 

ALFA 1 

0.3600 

0.0100 0.5650 0.0360 

0.1 8550F-02 

0.4200015-03 

NH 

BINO 

BIN 1 NkC 

) Nkl 

FOO FO1 

O.IOOOOH 

01 0.32102F 

01 0.5038215 

02 0.335121 

5 01 0.186901 

0.32520E 

00 0.7363015-01 




B5 

-3-2 

S(BR-CO) 


0.0 

-0.36663F-01 

-0.2250615 00 

-0.2617315 00 

0.300951500 

0.20000F.01 

-0.30761F-01 

-0.I7470F 00 

-0.2054615 00 

0.357211500 

0.40000E01 

-0.92885F-02 

0.66201 E-OI 

0.5691 3F-01 

. 0.6 1959 FOO 

0.60000F01 

0.11343F-01 

0.34513F 00 

0.356481-5 00 

0.9191 5F500 

0.80000F01 

0.26946E-01 

0.48566E 00 

0.5 126IF 00 

0.1075 31501 

0.10000F02 

0.3458 IE-0! 

0.42272E 00 

0.45730E 00 

0. 1 0200F50 1 

0.12000E02 

0.33414F-0I 

0.1771815 00 

0.2106015 00 

0.773271500 

0.14000E02 

0.22580E-0 1 

-0.11864E 00 

-0.96059F-01 

0.466621500 

0.16000 F 02 

0.52630E-02 

-0.23084E 00 

-0.22558E 00 

0.337101500 

0.18000F02 

-0.89088E-02 

-0.25286E 00 

-0.261 76F 00 

0.30091F.00 

0.20000F02 

-0.1 9879F.-0 1 

-0.25338E 00 

-0.27326F 00 

0.2894 1E00 

0.22000F02 

-0.28422E-01 

-0.24259F. 00 

-0.27101E 00 

0.29I66F.00 

AVERAGE AND 

MAX. FLUX = 

0.56268F. 00 

0.1Q753F 01 
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I 0 LI KO kl AI.FAO ALFA I 

0.2400 0.0450 0.5650 0.0360 0.I8550F-02 0.42000F-03 

Ml BINO BIN! NkO NKI FOO FOI 

0 10000 L 01 0.24727F 01 0.38807!- 02 0.335I2F 01 0.18690!. 03 

0.548 I 111 00 0.1241 OF 00 

B5-2-9 S(BR-CO) 

0 0 -0.2390912-01 -0.1475012 00 -0.171411: 00 O.1860OFOO 

0.20000FOl -0.1 7758K-01 -0.9I093F-0I -0.10885F 00 0.24855F00 

0.40000F01 -0.38682F-02 0.77469E-01 0.73600F-01 0.43100FOO 

0.600001101 0.87924F-02 0.24257F 00 0.25I36F 00 0.608761:00 

0.80000F101 0.18101 F-01 0.30770F 00 0.32580F 00 O.6832OF.0O 

0,10000F02 0.22278F-01 0.24607F 00 0.268351: 00 0.62575F00 

0.1 2000F02 0.20751H-01 0.83325F-01 O.I0408F0O 0.46148F.O0 

0.14000E02 0.1 31 50F.-01 -0.85064F-01 -0.7191411-01 0.28549F.00 

0.160001102 0.23337F1-02 -0.14277F. 00 -0.I4O44H 00 0.216961100 

0.18000E102 -0.6526911-02 -0.1604811 00 -0.1670012 00 0.19040F.OO 

0.200001102 -0.1 377411-01 -0.1673311 00 -0.181 1011 00 0.1 76301100 

0.220001102 -0.19490F-01 -0 16335E 00 -0.1 828411 00 0.17457F00 

A V FI RAGE AND MAX. FLUX = 0.3574011 00 0.6832011 00 

10 1.1 KO kl ALFAO ALFA 1 

0.2400 0.0500 0.5650 0.0360 0.1855011-02 0.42000F.-03 

NH BINO BIN 1 NKO NKI FOO FOI 

0 1000011 01 0.25161F 01 0.3948811 02 0.33512F 01 0.1869011 03 

0.5293711 00 0.11986E 00 

B5-2-10 S(BR-CO) 

0 0 -0.22327E-01 -0.13743EO0 -O.I5976EOO O.1 753OF0O 

0.20000E 01 -0.16833E-01 -0.87I28E-01 -0.10396E 00 0.231 IOF.OO 

0.40000F01 -0.3845011-02 0.6886111-01 0.6501611-01 0.400081100 

0.60000F 01 0.80738E-02 0.22467F 00 0.23275E 00 0.5678IF00 

0.80000E0I 0.1686811-01 0.28831EOO 0.305I8E00 O.64024F.OO 

0.10000F 02 0.20857E-01 0.23308F 00 0.25394F 00 0.58900F100 

0.12000E 02 0.1950911-01 0.81548M-0! 0.1010611 00 0.436I2F.O0 

0.14000F. 02 0.12463E-01 -0.78491E-01 -0.66028E-01 O.269O3F.00 

0.16000F. 02 -0.22932E-02 -0.13442EOO -0.132I3E 00 0.20293(100 

0.18000E 02 -0.60445F-02 -0.1508!E 00 -0.15685E00 0.17821E00 

0.20000E02 -0.I28I2E-01 -0.15648F100 -0.I6929F00 0.16577E00 

0.22000F.02 -0.18123F1 -01 -0.1 52 I 7F. 00 -0.17029(100 O.I6477FOO 

AVERAGE AND MAX. FLUX = 0.33506E 00 0.64024F. 00 
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I 0 

1.1 K0 K 1 

AI.FAO 

ALIA! 

0.2400 

0.0350 0.5650 0.0360 

0.1 855011-02 

0.42000K-03 

Ml 

BIN0 

BIN 1 NKO 

1 NK1 

FOO FOI 

o.i ooooi; 

01 0.238591: 

01 0.3 744611 

02 0.335121 

01 0186901 

0.5886911 

00 0.I3329H 

00 




B5 

1 

1 

S( BR-CO) 


0.0 

-0.2782 1 i:-()l 

-0.1 723311 00 

-0.200151! 00 

0.21 2251100 

0.200001:01 

-0.1 999611-01 

-0.1005811 00 

-0.1 205811 00 

0.291 821100 

0.400001-01 

-0.387811:-02 

0.993 3911-01 

0.9546 111-01 

0.507871100 

0.600001-01 

0.10 5 9 91 ■:-01 

0.2871511 00 

0.2977411 00 

0.710151100 

0.800001:01 

0.21 16011-01 

0.3555 1 r: 00 

0.3766711 00 

0.789081100 

0.100001:02 

0 257831 -0 ! 

0.2776511 00 

0.3034311 00 

0.7 1 5841100 

0.120001:02 

0.2 3 7 94C-01 

0.8701 311-01 

0.1 108111 00 

0.523211100 

0 14000K02 

0.14809i:-01 

-0.1016711 00 

-0.8686511-01 

0.325541100 

0.160001.02 

0.240261 .-02 

-0.163331. 00 

-0 1 609311 00 

0.25 1481100 

0.180001:02 

-0.7735 5i:02 

-0.1842411 00 

-0 1919811 00 

0.220431.00 

0.200001:02 

-0 16 163i:-01 

-0.1940311 00 

-0.2101911 00 

0.202221100 

0.220001:02 

-0.2287 81:-0 1 

-0.19089H 00 

-0.213771! 00 

0.1 98641100 

WIR 401 AND 

MAX. FI.I X - 

0.4124 111 00 

0.7890811 00 

1.0 

1.1 KO K1 

AI.FAO 

ALFA 1 

0.2400 

0.0400 0 5650 0.0360 

0.1855011-02 

0.4200011-03 

NH 

BINO 

BIN 1 NKO 

( NK1 

FOO 101 

0.1 ooooi: 

01 0 242931 ; 

01 0.3812711 

02 0.335121 

1 01 0.186901 

0.567861 : 

00 0 128571: 

00 




B5-2-8 

S(BR-C) 


0.0 

-0.2572 31: 01 

-0.1 590211 00 

-0.1847411 00 

0.198201100 

0.20000i:01 

-0.18805i:-01 

-0 9556311-01 

-0.1 14371! 00 

0.268571100 

0.40000i:01 

-0.3881611-02 

0.8748911-01 

0.8360711-01 

0.466551100 

0.60000i:01 

0.962411:-02 

0.2631711 00 

0.2727911 00 

0.655731100 

0 800001:01 

0.1951 711-01 

0.3298911 00 

0.3494111 00 

0.732351100 

0.100001:02 

0.2 390411-01 

0.2608111 00 

0.2847111 00 

0.667651100 

0.120001:02 

0.22 1 66l>01 

0.85 1 6311-0 1 

0.1073311 00 

0.490271100 

0. 1 40001102 

0.1 392611-01 

-0.9270811-01 

-0.7878211-01 

0.304 1 61100 

0.160001:02 

0.2371211-02 

-0 1 523211 00 

-0.1499511 00 

0.232991100 

0 180001:02 

-0.7084111-02 

-0.17151 1 ! 00 

-0 1 785911 00 

0.20435F.00 

0.2()0()0i:02 

-0.1487911-01 

-0.1797211 00 

-0.194591! 00 

0.188351100 

0.220001:02 

-0.21058F.-01 

-0.1 76 1211 00 

-0.1971 81! 00 

0. 1 85761100 

AVHRAGU AND 

MAX. FLUX = 

0.382941! 00 

0.7323511 00 
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Al l AO 


LO FI KO 

0.2400 0.0250 0.5650 

NH BINO BIN! 
0.10000F 01 0.229921-1 01 

0.63396F 00 0.1435411 00 


k 1 

0.0360 

NKO 

0.3608411 


Al l A I 


0.-185501-02 0.4200011-03 

NKI FOO 101 
02 0.3351211 01 0.1869011 


03 


B5-2-5 S(BR -.CO) 


0.0 

-0.331 881-1-01 

-0.2063411 00 

-0 239531!00 

0.247881100 

0.200001101 

-0.2293011-01 

-0.1 123911 00 

-0.135321100 

0.352191100 

0.40000110 1 

-0.3766811-02 

0.1312211 00 

0.127461100 

0.614871100 

0.600001101 

0.131 54F-01 

0.349221! 00 

0.362371100 

0.849791100 

0.800001101 

0.2538 711-0 1 

0.4206111 00 

04459911 00 

0.93341 FOO 

0.100001102 

0.3057411-01 

0.3193711 00 

0.349941! 00 

0.837361.00 

0.1 20001102 

0.2790811-01 

0.9024911-01 

0.1 18161100 

0.605571100 

0.140001102 

0 1699011-01 

-0.1250211 00 

-0.108031! 00 

0.379391 00 

0.160001102 

0.2427 1F-02 

-0.191 1511 00 

-0.18X72M 00 

0.298691100 

0.180001102 

-0.9436411-02 

-0.216641! 00 

-0.22607F 00 

0.261341100 

0.20000F.02 

-0.1948211-01 

-0.230701! 00 

-0.2501 81! 00 

0.237241100 

0.220001102 

-0.27569F-01 

-0.2288 IF 00 

-0.256381100 

0.231041100 

AVER AG 11 AND 

MAX. FFUX = 

0.487421! 00 

0.9334111 00 

1.0 

FI KO K1 

A FI'AO 

AI.FA l 

0.2400 

0.0300 0.5650 0.0360 

0.1 855011-02 

0.4200011-03 

NH 

BINO 

BIN 1 NKO NKI 

FOO FO1 

0.10000E 

01 0.2342511 

01 0.36765F 

02 0.335121 

11 01 0.186901 

0.6I070E 

00 O.I3827F 

00 




B5 

-2-6 

S(BR-CO) 


0.0 

-0.3027711-01 

-0.I8789F 00 

-0.2181 7F. 00 

0.228611100 

0.20000E01 

-0.21360F.-01 

-0 1061 911 00 

-0.127551! 00 

0.3192 31100 

0.400001101 

-0.38461 F-02 

0.1 1 3621! 00 

0.109771! 00 

0.556561100 

0.60000E0 1 

0.1 1756E-01 

0.3154011 00 

0.32716F 00 

0.77394F00 

0.80000E0I 

0.23089F-01 

0.38538F 00 

0.4084711 00 

0.855261100 

0.10000F.02 

0.27977F-01 

0.2970011 00 

0.324971! 00 

0.771 761100 

0.12000F.02 

0.25685F.-0 1 

0.8877 311-0 1 

0.1 144611 00 

0.561 241100 

0.140001102 

0.I582IF.-0I 

-0.1 12291! 00 

-0.94974F-01 

0.35031 FOO 

0.16000F02 

0.2423511-02 

-0.I7613F 00 

-0.173711! 00 

0.27308F00 

0 18000F02 

-0.8507511-02 

-0.19909F 00 

-0.207601! 00 

0.239191100 

0.20000F02 

-0.1767411-01 

-0.2107811 00 

-0.2284611 00 

0.2 1 8331100 

0.22000F02 

-0.2501611-01 

-0.208201! 00 

-0.233221! 00 

0.213571100 

AVFRAGE AND 

MAX. FFUX = 

0.446781! 00 

0.85526F 00 


152 



1.0 


1.1 K0 

kl 

Al.FAO 

ALFA 1 


0.2400 


0.0150 0.5650 

0.0360 

0 185501-02 

0.42000F- 

-03 

Nil 


BINO BIN 1 

NKO 

NK 1 

FOO 

FO1 

o.ioooof; 

01 

0.22 1 241; 01 

0.347231; 

02 0.335121 

; oi o. 

186901 

0.68466F 

00 

0.1 55021; 00 







B5 

-2-3 

S(BR-CO) 



0.0 

-0.4I009F-01 

-0.256171; 00 

-0.297181. 

00 

0.29860F00 

0.20000FOI 

-0.26840i;-0l 

-0.1 26021; 00 

-0.15286F 

00 

0.442 92 FOO 

0.40000FOI 

-0.33I3IF-02 

0 182761: 00 

0.I7945F 

00 

0.775221-) 00 

0.60000F0I 

0.17044F-01 

0.44180I-: 00 

0.45884F 

00 

0 105461; 01 

0.800001-01 

0.31599F-01 

0.5137 IF 00 

0.5453 IF 

00 

0.1141 IFOI 

OJ 000013)2 

0.3 7 5 0 81; - 01 

0,37567!-: 00 

0.413181; 

00 

0.10090F01 

0.12000F02 

0.33753F-01 

0.90457F-01 

0.1 242 IF 

00 

0.71999F00 

0.1 40001.02 

0.I9947F-0I 

-0.159421; 00 

-0.I3947F 

00 

0.45631 FOO 

0.16000F02 

0.23346F-02 

-0.2301 IF 00 

-0.22777F 

00 

0.368OOF00 

O.I8000F02 

-0.1 1 993F-01 

-0.26329F 00 

-0.275281) 

00 

0.32050F00 

0.20000K02 

-0.24430F-01 

-0.1 84651; 00 

-0.30908F 

00 

0.286701)00 

0.22000F02 

-0 345531-01 

-0.2850IF. 00 

-0.3I956F 

00 

0.27622F00 

AVFRAGF AND 

MAX FLUX = 

0.595781; 00 

0.1 

1 1411F 01 

1.0 

11 KO kl 

AL.FAO 

ALFA 1 


0.2400 0.0200 0 5650 0.0360 0.1855012-02 0.42000K-03 

NH RINO BIN I NkO NKI FOO FOl 
O.IOOOOF 01 0.22558F 01 0.35403F 02 0.3351215 01 0.1 86901) 03 

0.658581 00 0.1491 IF 00 



B5 

1 

ro 

1 

S(BR-CO) 



0.0 

-0.36697F-01 

-0.22863F 00 

-0.265 3 2F 

00 

0.270861)00 

0.200001)01 

-0.24743F-0I 

-0.1 1909F 00 

-0.I4394F 

00 

0.39234F00 

0.40000FO 1 

-0.36079F-02 

0.15353F 00 

0.I4992F 

00 

0.686 I0F00 

0.60000FO 1 

0.1 4874F-01 

0.390421; 00 

0.40530F 

00 

0.941 48 FOO 

0.800001)01 

0.28 1 67F-01 

0.46269F 00 

0.49085F 

00 

0.10270F01 

0.100OOFO2 

0.336941-01 

0.34537F 00 

0.37906F 

00 

0.915241)00 

0.12000F02 

0.30554F-01 

0.91059F-0I 

0.1 2 1 6 1 F 

00 

0.65779F.00 

0.14000F02 

0.18350F-01 

-0.14045F 00 

-0.1 221 OF 

00 

0,41408 FOO 

0.16000F02 

0.24028F.-02 

-0.20892F 00 

-0.20652F 

00 

0.3 2 966 FOO 

0.18000F02 

-0.10574F-01 

-0.23767F 00 

-0.24825F. 

00 

0.28 793 F. 00 

0.20000F02 

-0.2 1685F-01 

-0.2548 IF 00 

-0.27649F 

00 

0.25969F00 

022000F02 

-0.30677F-01 

-0.25384F 00 

-0.2845 IF 

00 

0.25 166F00 

AVFRAGF AND 

MAX. FLUX = 

0.536181) 00 

0,1 

I0270F 01 
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1,0 1.1 K0 K1 Al.FAO Al FA I 

0.2400 0.0050 0.5650 0.0560 0.185501-1-02 0.42000F-05 

NH BINO BINS NKO Nkl FOO FOI 


0.I0000F. 

01 

0.21 256F1 

01 0.5556111 

02 0.55512F 

01 0.186901 

0.7416912 

00 

0.167951: 

00 






B5 

-2- 1 

S(BR-CO) 



0.0 


-0.555241-1-01 

-0.558701-1 00 

-0.59225F 

00 

0.575871100 

0 200001101 


-0.5194511-01 

-0.15652F. 00 

-0.1682611 

00 

0.597841100 

0.400001101 


-0.1 794911-02 

0.28095F. 00 

0.27915F 

00 

0 104521101 

0.60000FO1 


0.2565611-01 

0.595701: 00 

0.6 1 926F 

00 

0.1 58551101 

0.800001-101 


0.41 5751-1-01 

0.65592F 00 

0.697491! 

00 

0.146561101 

0.100001102 


0.485 7 211-01 

0.45049F 00 

0.49886F 

00 

0.126501101 

0.1 20001102 


0.4261 211-01 

0.76789F-01 

0.1 19401! 

00 

0.885501100 

0.140001702 


0.2405711-01 

-0.2 1 25211 00 

-0.188491. 

00 

0.577611 00 

0 160001102 


0.1969511-02 

-0.285 151-1 00 

-0.2851 811 

00 

0.482921100 

0.180001-102 


-0.1615811-01 

-0.55488F 00 

-0.551041! 

00 

0.41 5061100 

0.20000F102 


-0.5260511-01 

-0.572661-1 00 

-0.405271! 

00 

0.560851100 

0.220001-102 


-0.4622911-01 

-0.57940F 00 

-0.425651! 

00 

0.540471-100 

A VI: RAG Li AND 

MAX FI L X - 

0.7661 011 00 

0.146561! 01 

1.0 


LI KO K1 

Al.FAO 

A 1.1 

: A 1 


0.2400 0.0100 0.5650 0.0560 0 1855012-02 0.420001--05 

NH ' BINO BIN I NKO NKI FOO FOI 
0.10000F. 01 0.216901! 01 0.540421: 02 0.535121-2 01 0.185901 05 


0.71 25211 

00 0.161281! 

00 





B5 

-2-2 

S(BR-CO) 



0.0 

-0.4644511-01 

-0.291581! 00 

-0.557821! 

00 

0,552461100 

0.20000FO1 

-0.2925011-01 

-0.1 524IF 00 

-0.1 61 6611 

00 

0.508621100 

0.400001:01 

-0.27782F-02 

0.222791! 00 

0.2200111 

00 

0.890290 00 

0.60000F101 

0.19860F-0! 

0.50772E 00 

0 52758F. 

00 

0.1 19791101 

0.80000F01 

0.559551-1-0 1 

0 57668F 00 

0.6126111 

00 

0.1 28291-101 

0.10000F02 

0.42271F-01 

0.4108 IF 00 

0.45508F 

00 

0.1 12541101 

0.12000F02 

0.576861-1-01 

0.868871-1-01 

0.124571! 

00 

0.79486F00 

0.14000F02 

0.21 92911-01 

-0.1 850IF 00 

-0 161 181. 

00 

0.5091 IFOO 

0.16000F02 

0.2 1995F.-02 

-0.255411! 00 

-0.255211! 

00 

0.41 707F100 

0.18000F02 

-0.1 5805E-0 1 

-0.25952F 00 

-0.5088 5F 

00 

0.56146E00 

0.20000F02 

-0.27946E-0I 

-0.526221! 00 

-0.550561! 

00 

0.51972FOO 

0.22000E02 

-0.59558F.-01 

-0.5251 5F 00 

-0.564691! 

00 

0.50559F00 

AVERAGE AND 

MAX. FLUX = 

0.67028F 00 

0.128291! 01 
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LO LI KO K1 ALFAO ALFA 1 
0.1200 0.0450 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN! NKO NK1 FOO FOl 

0.10000F. 01 0.14316E 01 0.22467E 02 0.33512E 01 0.8690F. 03 

0.I6353E 01 0.37025E 00 

B5-I-9 S(BR-CO) 

0 0 -0.29475E-0! -0.20351E 00 -0.23299E 00 0.I6500E00 

0.20000E01 -0.13913E-01 -0.54096E-01 -0.68009E-0I 0.32998E00 

0.40000EO 1 0.16057E-02 0.19618EOO 0.19779E 00 0.59577E00 

0.600G0E01 0.13970E-01 0.34695E 00 0.36092E 00 0.75890E00 

0.80000E01 0.22300E-01 0.34168E 00 0.36398E 00 0.76196E00 

0.10O00E02 0.25013E-0! 0.19546E 00 0.22047E 00 0.61846E00 

0.12000E02 0.21061 E-01 -0.14842E-01 0.62188E-02 0.4O421E00 

0.14000E02 0.10524E-01 -0 1 191 7E 00 -0.I0865E 00 0.28934E00 

0.16000E02 0.35814E-03 -O.1264OEO0 -0.12604E 00 0.27195E00 

0.18000E02 -0.82470E-02 -O.I5554EOO -0.16378E 00 0.23420E00 

0.20000E02 -0.17377E-01 -0 19129EO0 -0.20867E 00 0.1893IE00 

0.22000E02 -0.26044E-01 -0.21413E 00 -0.24017E 00 0.15782E00 

AVERAGE AND MAX. FLUX = 0.39799E 00 0.76196E 00 

LO LI KO K1 ALFAO ALFA 1 

0.1200 0.0500 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO B1N1 NKO NK1 FOO FOl 

0.1000E 01 0.14749E 01 0.23148E 02 0.33512E 01 0.18690E 03 

0.15405E 01 0.34879E 00 

B5-I-I0 S(BR-CO) 

00 -0.27230E-01 -0.18630E 00 -0.21353E 00 0.15695E00 

0.20000E01 -0.13125E-01 -0.50101 E-01 -0 63226E-01 0.30725E00 

0.40O00E01 0.12896E-02 O.1791OEO0 0.18039E 00 0.55087E00 

0.60000E01 0.12858E-01 0.31920E 0 0.33206E 00 0.70254E00 

0.80000E01 0.20696E-01 0.31679E 00 0.33748E 00 0.70796E00 

0.10000E02 0.23294E-01 0.18450EQ0 0.20779F. 00 0.57827E00 

0.12000E02 0.19700E-01 -0.85685E-02 0.11131 E-01 0.38161E00 

0.14000E02 0.99836E-02 -0.I0902E 00 -0.99038E-01 0.27144E00 

0.16000E02 0.401 18E-03 -0.11935E00 -0.I1894E 00 0.25153E00 

0.18000E02 -0.77291E-02 -0.14723EOO -0.15496E 00 0.21551 E00 

0.20000E02 -0.16213E-0I -0.17946E 00 -0.19568EOO 0.I7480E00 

0.22000E02.0 -241I4E-01 -0.19849E 00 -0.22260E 00 0.14787EOO 
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L0 


LI K0 K! 

ALFAO ALFA 1 

0.1200 


0.0350 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NK1 

FOO FOl 

0.10000E 

01 

0.13448E 

01 0.21106E 

02 0.33512E 

01 0.18690E 

0.1853IE 

01 

0.41956E 

00 





B5 

-1-7 

S(BR-CO) 


0.0 


-0.25140E-01 

-0.24678E 00 

-0.28192E 00 

O.18548E0O 

0.20000E01 


-0.15906E-01 

-0.64324E-01 

-0.80230E-01 

0.38717E0O 

0.40000E01 


0.24016E-02 

0.23903E 00 

0.24144E 00 

0.70884E00 

0.60000E01 


0.16780E-01 

0.41686E 00 

0.43364E 00 

0.90105E00 

0.80000EO! 


0.26353E-01 

0.4046IE 00 

0.43097E 00 

0.89837E00 

0.10000E02 


0.29353E-01 

0.22334E 00 

0.25270E 00 

0.72010EO0 

0.12000E02 


0.24498E-01 

-0.30600E-01 

-0.61026E-02 

0.46130E00 

0.14000E02 


0.1 1882E-01 

-0.14500E 00 

-0.13312E 00 

0.33428E00 

0.16000E02 


0.23780E-03 

-0.14445E 00 

-01442IE 00 

0.32319E00 

0 18000E02 


-0.95622E-02 

-0.17657E 00 

-0.186I3E 00 

0.28127E00 

0.20000E02 


-0.20313E-01 

-0.22100E 00 

-0.24132E 00 

0.22609E00 

0.22000E02 


-0.30900E-01 

-0.2533IE 00 

-0.28421E 00 

0.1 8319E00 

AVERAGE AND 

MAX FLUX = 

0.46740E 00 0.90105E 00 

L0 


LI KO K1 

ALFAO ALFA 1 

0.1200 


0.0400 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NK1 

FOO FOl 

0.10000E 

01 

0.13882E 

01 0.21787E 

02 0.335 12E 

01 0.I8690E 

0.17391E 

01 

0.39375E 

00 





B5 

-1-8 

S(BR-CO) 


0.0 


-0.32080E-01 

-0.22342E 00 

-0.25550E 00 

0.17441E00 

0.20000E01 


-0 14830E-01 

-0.58796E-01 

-0.73626E-01 

0.35628E00 

0.40000E01 


0.19708E-02 

0.21589E 00 

-0.21786E 00 

0.64777E00 

0.60000E01 


0.15261E-01 

0.3791 OE 00 

0.39436E 00 

0.82427E00 

0.80000E01 


0.24163E-01 

0.37061E 00 

0.39477E 00 

0.82468E0O 

0.10000E02 


0.27008E-01 

0.20827E 00 

0.23528E 00 

0.66519E00 

0.12000E02 


0.22642E-01 

-0.22077E-01 

0.5651 IE-03 

0.43O48E0O 

0.14000E02 


0.11150E-01 

-0.13103E 00 

-0.11988E 00 

0.31003EOO 

0.16000E02 


0.30444E-03 

-0.13468E 00 

-0.13438E 00 

0.29553E00 

0.18000E02 


-0.87509E-02 

-0.1652IE 00 

-0.17406E 00 

0.25585E00 

0.20000E02 


-0.18728E-01 

-0.20497E 00 

-0.22370E 00 

0.20621E00 

0.22000E02 


-0.28278E-01 

-0.23217E 00 

-0.26045E 00 

0.16946E00 


AVERAGE AND MAX. FLUX = 0.42991E 00 0.82468E 00 
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L0 


El K0 K1 

ALFAO 

ALFA 1 

0.1200 


0.0250 0.5650 0.0360 

0.1 8550E-02 

0.42000E-03 

NH 


B1N0 

BIN 1 NKO NK1 

FOO FOl 

0.10000E 

01 

0.12580E 

01 0.19744E 

02 0.33512E 01 0.18690E 

0.21 175E 

01 

0.47943E 

00 





B5 

-1-5 

S(BR-CO) 


0.0 


-0.43228E-01 

-0.30878E 00 

-0.35201E 00 

0.21414E00 

0.20000E01 


-0.18701E-01 

-0.78717E-01 

-0.97418E-0I 

0.46873E00 

0.40000E01 


0.35730E-02 

0.300650 00 

0.30423E 00 

0.87037E00 

0.60000EOI 


0.20805E-01 

0.51690E 00 

0.53770E 00 

0.11038E0I 

0.80000E01 


32130E-01 

0.49426E 00 

0.52639E 00 

0.10925E01 

0. IOOOOE02 


0.35526E-01 

0.26251E 00 

0.29804E 00 

0.864I8E00 

0.12000E02 


0.29368E-01 

-0.53927E-01 

-0.24559E-01 

0.54159E00 

0.14000E02 


0.13777E-01 

-0.18200E 00 

-0.16822E 00 

0.39792E00 

0.16000E02 


0.50932E-04 

-0.16990E 00 

-0.I6985E 00 

0.39630E00 

0.18000E02 


-0.1 1430E-01 

-0.20618E 00 

-0.21761E 00 

0.34854E00 

0.20000E02 


-0.24489E-01 

-0.26308E 00 

-0.28757E 00 

0.27858E00 

0.22000E02 


-0.37833E-01 

-0.30916E 00 

-0.34699E 00 

0.21916E00 

AVERAGE AND MAX FLUX = 

0.56615E 00 O.I1038E 01 

L0 


LI K0 K1 

ALFAO 

ALFA 1 

0.1200 


0.0300 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

' NK1 

FOO FOl 

0.10000E 

01 

0.13014E-01 0.20425E 

02 0.33512E 

01 0.18690E 

0.19787E 

01 

0.44800E 

00 





B5 

-1-6 

S(BR-CO) 


0.0 


-0.38790E-01 

-0.27470E 00 

-0.31349E 00 

0.19857E00 

0.200O0E0I 


-0.17179E-01 

-0.70872E-01 

-0.88052E-01 

0.42401 E00 

0.40000E01 


0.29229E-02 

0.26673E 00 

0.26966E 00 

0.78171E00 

0.60000E01 


0.18595E-01 

0.46196E 00 

0.48056E 00 

0.99262E00 

0.80000E01 


0.28964E-01 

0.44514E 00 

0.4741OE 00 

0.98616E00 

0.10000E02 


0.32145E-01 

0.241009E 00 

0.2733E 00 

0.78539E00 

0.12000E02 


0.26704E-01 

-0.40942E-01 

-0.14237E-01 

0.49782E00 

0.14000E02 


0.12746E-01 

-0.16170E 00 

-0.14896E 00 

0.36310E00 

0.16000E02 


0.15508E-03 

-0.15604E 00 

-0.15589E 00 

0.3561 7E00 

0.18000E02 


-0.10409E-01 

-0.19005E 00 

-0.20046E 00 

0.31160E00 

0.20000E02 


-0.22202E-01 

-0.24006E 00 

-0.26226E 00 

0.24980EOO 

0.22000E02 


■0.34028E-01 

-0.27851E 00 

-0.31254E 00 

0.19952E00 


AVERAGE AND MAX. FLUX = 0.51206E 00 0.99262E 00 


147 



L0 


LI K0 

K1 

ALFAO 

ALFA 1 


0.1200 


0.0150 0.5650 

0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO BIN1 

NKO 

NK 1 

FOO 

FOl 

0.10000E 

01 

0.I1713E 01 

0.18382E 

02 0.33512E 01 

0.18690E 

0.24428E 

01 

0.55309E 00 






B5-13 S(BR-CO) 

0 0 -0.55828E-01 -0.40703E 00 -0.46286E 00 0.25494E00 

0.20000E01 -0.22813E-01 -0.10043EOO -0.12324E 00 0.59455E00 

0.40000E01 0.55536E-02 0.39889E 00 0.40444E 00 0.I1222E0I 

0.60000E01 0.27103E-0I 0.67379E 00 0.70090E 00 0.14187E01 

0.80000E01 0.41041E-01 0.63254E 00 0.67358E 00 0.13914E0I 

0.10000E02 0.44986E-01 0.31980E 00 0.36479E 00 0.10826E01 

0.12000E02 0.36759E-01 -0.94501E-01 -0.577423-01 0.66005EOO 

0.14000E02 0.16526E-01 -0.23973E 00 -0.22320E 00 0.49459EOO 

0.16000E02 -0.26674E-03 -0.20694E 00 -0.20720E 00 0.51059E00 

0.18000E02 -0.14237E-01 -0.24943E 00 -0.26366E 00 0.45413E00 

0.20000E02 -0.30990E-01 -0.32685E 00 -0.35773E 00 0.36006E00 

0.22000E02 -0.48628E-01 -0.3962IE 00 -0.44484E 00 0.27295E00 

AVERAGE AND MAX. FLUX = 0.71779E 00 0.14I87E 01 

L0 LI K0 K1 ALFAO ALFA 1 
0.1200 0.0200 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH B1N0 BIN 1 NKO NK1 FOO FOl 
0.10000E 01 0.12147E 01 0.19063E 02 0.3351 1 e 01 0.18690E 03 

0.22714E 01 0 51429E 00 

B5-1-4 S(BR-CO) 

0 0 -0.48750E-01 -0.35153E 00 -0.40028E 00 O.23274E0O 

0.20000E01 -0.20545E-01 -0.88307E-01 -0.10885E00 0.52416E00 

0.40000E01 0.44142E-02 0.34334E 00 0.34775E 00 0.98077E00 

0.60000E01 0.23561E-01 0.58547E 00 0.60903E 00 0.12420E01 

0.80000E01 0.36053E-01 0.55509E 00 0.59115E 00 0.12242E01 

0.10000E02 0.39701 E-01 0.28827E 00 0.32797E 00 0.96098E00 

0.12000E02 0.32643E-0! -0.70952E-01 -0.38309E-01 0.5947IE00 

0.14000E02 0.15018E-01 -0.20726E 00 -0.19224E 00 0 44077E00 

0.16000E02 -0.83845E-04 -0.18660E 00 -O.18669E0O 0.44633E00 

0.18000E02 -0.12691 E-01 -0.22568E 00 -0.23836E 00 0.39466E0O 

0.20000E02 -0.27313E-01 -0.29138E 00 -0.31870E 00 0.31432E00 

0.22000E02 -0.42568E-0I -0.34732E 00 -0.38989E 00 0.24313F.00 

AVERAGE AND MAX. FLUX = 0.63301E 00 0.12420E 01 
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L0 

LI KO K1 

ALFAO 

ALFA 1 

0.1200 

0.0050 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 NKO NK1 

FOO FOl 

0.10000E 01 

0.10845E 

01 0.17021E 02 0.33512E 01 0.I8690E 

0.28493E 01 

0.64512E 

00 




B5 

-1-1 

S(BR-CO) 


0.0 

-0.78568E-01 

-0.59188E 

00-0.67044EOO 

0.3O995EOO 

0.20000E01 

-0.29339E-01 

-0.14108E 

00-0.1 7041E00 

0.8O998E00 

0.40000E01 

0.97233E-02 

0.58225E 

00 0.59197E00 

0.15724E01 

0.60000E01 

0.38519E-01 

0.96097E 

00 0.99949E00 

0.19799E01 

0.80000E01 

0.56654E-01 

0.87784E 

00 0.93449E00 

0.19149E00 

0.10O0OE02 

0.61291 E-01 

0.40908E 

00 0.47038E00 

0.15508E01 

0.12000E02 

0.49190E-01 

-0.18600E 

00-0.13681EOO 

0.84358E00 

0.14000E02 

0.20588E-01 

-0.34694E 

00-0.3 26 3 5 E00 

0.65405E00 

0.16000E02 

-0.98192E-03 

-0.26296E 

O0-O.26395EOO 

0.71645E00 

0.18000E02 

-0.18744E-01 

-0.31279E 

00-0.33154EOO 

0.64886EO0 

0.20000E02 

-0.41680E-01 

-0.43082E 

00-0.47250EO0 

0.50789E00 

0.22000E02 

-0.67 8 26E-01 

-0.55095E 

00-0.61878EOO 

0.36162E00 

AVERAGE AND MAX. FLUX = 

= 0.98040E 00 

0.19799E 01 

L0 

LI KO K1 

ALFAO 

ALFA 1 

0.1200 

0.100 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO 

BIN1 NKO NK1 

FOO FO1 

1000E 01 

0.11279E ■ 01 0.17702E 

02 0.335I2E 01 0.18690E 

0.26343E 01 

0.59645E 

00 




B5 

-1-2 

S(BR-CO) 


0.0 

-0.65267E-01 

-0.48249E 

00-0.54776E00 

0.28104E00 

0.20000EO 1 

-0.25661E-01 

-0.11669E 

00-0.14235EOO 

0.68664EO0 

0.40000F.01 

07I888E-02 

0.47427E 

00 0.48146E00 

0.13103E01 

0.60000E01 

0 31838E-01 

0.79237E 

00-0.82420EOO 

0.16530E01 

O.SOOOOEO 1 

0.47606E-01 

0.73493E 

00 0.78253E00 

0.161 13E01 

0.10000E02 

0.51890E-01 

0.35906E 

00 0.4I095E00 

0.12397E01 

0.12000E02 

0.42077E-01 

-0.12939E 

00-0.87163E01 

0.74148E00 

0.14000E02 

0.18368 E-01 

-0.28347E 

00-0.26510E00 

0.56369E00 

0.16000E02 

-0.53461E-03 

-0.23194E 

00-0.23247E00 

0.59632E00 

0.18000E02 

-0.16208E-01 

-0.27837E 

00-0.29457EOO 

0.53422EO0 

0.20000E02 

-0.35505E-01 

-0.37218E 

00-0.40768E00 

0.421 11EOO 

0.22000E02 

-0.56666E-01 

-0.46109E 

00-0.51776EOO 

0.31 103E00 


AVERAGE AND MAX. FLUX = 0.82879E 00 0.16530E 01 
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L0 

L.l KO K1 

ALFAO 

ALFA 1 

0.4800 0.0450 0.5650 

0.0360 0.1 8550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 NKO NK1 

FOO FO1 

0.10000E 

01 0.45550E 

01 0.7I487F. 

02 0.33512 E 01 0.18690F 

0.16152E 

00 0.36571E-0 

1 




B4 

-4-9 

E(BR-CO) 


0.0 

-0.16255E-01 

-0.89926E-0! 

-0.I06I8E 00 

0.1 I925F.OO 

0.20000E01 

-0.1 7623E-01 

-0.96565E-01 

-0.1 1419E 00 

0.1 1 124F.OO 

0.40000E01 

-0.I0525E-01 

0.10729E 00 

0.96763E-01 

0.322I9E00 

0.60000E01 

-0.79268F.-03 

0.22387E 00 

0.22307E 00 

0.4485 IE00 

0.80000E01 

0.821 89E-02 

0.I7828E 00 

0.18650E 00 

0.41193E00 

0.10000E0 2 

0.14425F.-01 

0.47683E-01 

0.62107E-01 

0.28754E00 

0.12000F.02 

0.16738E-01 

-0.12883E-01 

0.38545E-02 

0.22929F.00 

0.14000E02 

0.14345E-01 

-0.43392F.-0I 

-0.29037E-01 

0.19640E00 

0.16000E02 

0.76098E-02 

-0.67522F.-01 

-0.5991 3E-0I 

0.16552 R00 

0.18000E02 

0.47242E-03 

-0.80880E-01 

-0.80408E-01 

0.I4502EOO 

0.20000E02 

-0.56502E-02 

-0.85537E-01 

-0.91187E-01 

O.I3425EOO 

0.22000E02 

-0.10906E-01 

-0.87594E-01 

-0.98500E-01 

0.12693E00 

AVERAGE AND MAX. FLUX = 

0.22543E 00 

0.4485 IF; 00 

L0 

LI KO K1 

ALFAO 

ALFA 1 

0.4800 

0.0500 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO 

BIN! NKC 

» NK1 

FOO FO 1 

0 10000E 

01 0.45983E 

01 0.72I68E 

02 0.33512E 01 0.18690E 

0.I5849E 

00 0.35995E-0 

1 




B4- 

4-10 

E(BR-CO) 


0.0 

-0.1 5232E-01 

-0.85340E-01 

-0.I0057E 00 

0.1 1303EOO 

0.20000F.01 

-0.16645E-01 

-0.91643E-01 

-0.I0829E 00 

0.IO53IEOO 

0.40000E01 

-0.10117E-01 

0.97419E-01 

0.87302E-01 

0.30090E00 

0.60000E01 

-0.10085E-02 

0.20877E 00 

0.20777E 00 

0.4213 7E00 

0.80000E0I 

0.75088E-02 

0.I6898E 00 

0.17649F. 00 

O.39O09E0O 

0.I00O0E02 

0.1 3446E-01 

0.47552E-01 

0.60997E-01 

0.27460E00 

0.12000E02 

0.1 5743E-01 

-0.10165E-01 

0.55784E-02 

0.2191 8E00 

0.14000E02 

0.1 3616E-OI 

-0.3964 IF.-OI 

-0.2602511-01 

0.18757E00 

0.16000E02 

0.73693E-02 

-0.62828E-0! 

-0.55459E-01 

0.158! 4F.OO 

0.18000E02 

0.6600 IE-03 

-0.75923E-01 

-0.75263E-01 

0.1 3834E00 

0.20000E02 

-0.514 14E-02 

-0.80735E-01 

-0.85876E-01 

0.12772E00 

0.22000E02 

-0.10146E-01 

-0.82972E-01 

-0.931 18E-0I 

0.12048E00 


AVERAGE AND MAX. FLUX = 0.2I360E 00 0.421 37E 00 


144 



LO 


r 

7 * 

O 

ALFAO 

ALFAI 

0.4800 


0.0350 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN! NKO NKI 

FOO FOl 

0.I0000E 

01 

0.44682E 

01 0.70126E 

02 0.33512E 01 0.18690E 

0.16786E 

00 

0.38006E-01 





B4 

1 

1 

E(BR-CO) 


0.0 


-0.18738E-01 

-0.10078E 00 

-0.11952E 00 

0.134OOEO0 

0.20000E01 


-0.19948E-01 

-0.10819E 00 

-0.12814E 00 

0.12538E00 

0.40000E01 


-0.11418E-01 

0.13259E 00 

0.12117E 00 

0.37469E00 

0.60000E01 


-0.1 7265E-03 

0.26090E 00 

0.26073E 00 

0.51424EOO 

0.80000EOI 


0.10006E-01 

0.19995E 00 

0.20996E 00 

0.46347E00 

0.10000E02 


0.16819E-01 

0.46757E-0I 

0.63575E-01 

0.3 1 709E00 

0.12000E02 


0.I9122E-01 

-0.201 I4E-01 

-0.99107E-02 

0.25252E00 

0.14000E02 


0.16047E-01 

-0.52673E-01 

-0.366 26E-01 

0.21689F.00 

0.16000E02 


0.81059E-02 

-0.78958E-01 

-0.70852E-01 

0.1 8266E00 

0.18000E02 


-0.55176E-04 

-0.927 90E-01 

-0.92845E-01 

0.16067E00 

0.20000E02 


-0.69296E-02 

-0.96963E-01 

-0.10389E 00 

0.14962E00 

0.22000E02 


-0.12767E-01 

-0.98545E-0I 

-0.1 1 1 3 1 E 00 

0 I4220F.00 

AVERAGE AND MAX. FLUX = 

0.25352E 00 

0 5 1 4">4F 00 

L0 


LI K0 K1 

ALFAO 

ALFAI 

0.4800 


0.0400 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NKI 

FOO FO1 

0.10000E 

01 

0.45 116E 

01 0.70807E 

02 0.33512E 01 0.18690E 

0.I6465E 

00 

0.37278E-01 





B4 

-4-8 

E(BR-CO) 


0.0 


-0.1 7414E-01 

-0.95042E-01 

-0.1 1246E 00 

0.1 2619E00 

0.20000E01 


-0.18717E-01 

-0.10204E 00 

-0.12076E 00 

0.1 1789E00 

0.40000E01 


-0.10959E-01 

0.11885E 00 

0.10789E 00 

O.34654F.O0 

0.60000EO i 


-0.52037E-03 

0.24108E 00 

0.24056E 00 

0.47921E00 

0.8 0000 E01 


0.90418E-02 

0.18857E 00 

0.1976IE 00 

0.43626E00 

O.IOOOOE02 


0.15540E-01 

0.47474E-01 

0.63014E-01 

0.30166E00 

0.12000E02 


0.1 7856E-01 

-0.16147E-01 

0.17093E-02 

0.24036E00 

0.14000E02 


0.151 52E-01 

-0.47683E-01 

-0.32532E-01 

0.2061 2E00 

0.16000E02 


-0.7857! E-02 

-0.72855E-01 

-0.64998E-01 

0.1 7365E00 

0.18000E02 


0.23894E-03 

-0.86462E-01 

-0.86223E-0I 

0.15243E00 

0.20000E02 


-0.62396E-02 

-0.9091 IE-01 

-0.97151 E-01 

0.14150E00 

0.22000E02 


-0.11771 E-01 

-0.92 754E-01 

-0.1045 3E 00 

0.13412E00 


AVERAGE AND MAX. FLUX = 0.23865E 00 0.4792 IE 00 
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LO LI KO KI ALFAO ALFA I 

0.4800 0.250 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN I NKO NKI FOO FOI 

0.I0000E 01 0.43814E 01 0.68764E 02 0.33512E 01 0.I8690E 03 

0.I7457E 00 0.39526E-0I 

B4-4-5 E(BR-CO) 

0 0 - 0.22037E-01- 0.II459E 00- 0.13663EO0 0.I5296E00 

0.20000EOI- 0.22928E-01- 0.I2307E00- 0.I4600E00 O.14359E00 

O.4OOOOE0I- 0.12380E-01 0.16948E 00 0.157!OE 00 0.44669E00 

0.60000E01 0.86752E-03 0.3I096EOO 0.3II83EO0 0.60142E00 

0.80000E01 0.12518E-01 0.22648E 00 0.23900E 00 0.52859E00 

0.10000E02 0.2003 IE-01 0.42665E 0.62695E-01 0.35229E00 

0.12000E02 0.22221E-01 -0.31047E-01 -0.88262E-02 0.28076E00 

0.14000E02 0.18152E-01 -0 6541OE-01 -0.47258E-0I 0.24233E00 

0.16000E02 0.85659E-02 -0.94221E-0I -0.85655E-0I 0.20394E00 

0.18000E02 -0.91606E-03 -0.10833E 00 -0.10925E00 0.18034EOO 

0.20000E02 -0.87263E-02 -011164E 00 -0.12037E 00 0.16922E00 

0.22000E02 -0.15278E-01 -0.U250E 00 -0.12778E 00 0.16181 E00 

AVERAGE AND MAX. FLUX = 0.28959E 00 0.60I42E 00 

LO LI KO K1 ALFAO ALFA 1 

0.4800 0.0300 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN I NKO NKI FOO FOI 

0.10000E 01 0.44248E 01 0.69445E 02 0.33512E 01 0.I8690E 03 

0.I7II6E 00 0.38754E-01 

B4-4-6 E(BR-CO) 

0 0 - 0.20262E-01- 0.10725E 00- 0.12751E 00 0.I4284E00 

0.20000E01- 0.21342E-0I- 0 1 1514E 00- 0.1 3648E 00 0.I3387E00 

0.40000E01- 0.1 1895E-0I O.I49I5EOO O.I3726E 00 0.4076IE00 

0.60O00E01 0.277I9E-03 0.28393E 00 0.2842)E 00 0.55456E00 

0.80000 E01 0.11147E-0I O.2I256EO0 0.22371E0O 0.4946E00 

0.10000E02 0.18299E-01 0.45279E-0) 0 63578E-01 0.3393E00 

0.I2000E02 0.20565E-01 -0.24988E-01 -0.44232E-02 0.2593E00 

0.14000E02 0.17043E-01 -0.585I2E-0I -0.41469E-OI 0.2289E00 

0.16000E02 0.83472E-02 -0.86004E-0I -0.77657E-0I 0.I970E00 

0.18000E02 -0.43048E-03 -0.1000IE00 -0.I0045E 00 0.169IE0O 

0.20000E02 -0.77466E-02 -0.I0382E00 -0.11I57E 00 0.I579E00 

0.22000E02 -0.13923E-01 -O.I0508EOO -0.I19OOE0O 0.I535E00 

AVERAGE AND MAX. FLUX = 0.27035E 00 0.55456E 00 
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LO 

LI kO 

kl 

ALFAO 

ALFA 1 

0.4800 

0.0200 0.5650 0.0360 

0.1 8550E-02 

0.42000F-03 

NH 

BINO BIN 1 NkO 

Nkl 

FOO FO1 

0.10000 E 01 

0.I7808E 00 

0.43380F. i 

0.40320F.-01 

B4- 

31 0.68083F 02 0.33512F 01 0.186901 

4-4 F(BR-CO) 

0.0 

0.241 24F.-01- 

0.12298E 00- 

0.1471 OF 00 

0.1 6467F00 

0.20000F01 - 

0.24741E-01- 

0.13220E 00- 

0.I5694E 00 

0 154831-00 

0.40000E01- 

0.12849E-01 

0.19493E 00 

0.1 820812 00 

0.49386)-00 

0.60000F.01 

0.16545E-02 

0.34303E 00 

0.34469L 00 

0.69646F00 

0.80000E01 

0 I4I87E-0I 

0.241 73F 00 

0.25592F 00 

0.56 7691 ;0() 

0.1OOOOE02 

0.22078F.-01 

0.38347F-01 

0.60424F-01 

0.37 2201; 00 

0.1 2000E02 

0.24135E-OI- 

0.38656E-01- 

0.1452112-01 

0.29725100 

O.I4000E02 

0.1 9387F-01- 

0.7363 8H-01 - 

0.5425 1 FI-01 

0.257521.00 

0.16000E02 

0.87365F.-02- 

0.1039IF. 00- 

0.951 78F-OI 

0.216601.00 

0.18000E02- 

0.15539F.-02- 

0.11800F. 00- 

0.1 I955F 00 

0.192 2 2 FOO 

0.20000F02- 

0.99! 79F.-02- 

0.12063F 00- 

O.I3055F 00 

0.1 8 1 22 FOO 

0.22000H02- 

0.16887F.-01- 

0.12097F 00- 

O.I3786F. 00 

0.1 7391 FOO 


AVERAGE AND MAX. FLUX = 0.31 1771' 00 0.656461! 00 


L0 LI kO kl AL.FAO ALLA I 

0.4880 0.0150 0.5650 0.0360 0.18550E-02 0.4200011-03 

NH BINO BIN! NkO Nkl FOO FOI 
0.10000F 01 0.42947E Ot 0.67402E 02 0:33512E 0! 0.1869012 03 

0.181 70F- 00 0.41 139E-01 

B4-4-3 E(BR-CO) 


0.0 

0.26612E-01- 

0.13260E 00- 

0.1592IE 00 

0.1 784 3 FOO 

0.20000E01- 

0.26823E-0I- 

0.I4279E 00- 

0.1696IE 00 

0.16803E00 

0.40000E01- 

0.1 3260E-01 

0.22755E 00 

0.214291- 

0.55193 FOO 

0.60000E01 

0.27216E-02 

0.38 USE 00 

0.38420E 00 

0.721 8 41-7 00 

0.80000F.01 

0.1 6250F.-0 1 

0.25814E 00 

0.27439E 00 

0.6 1 2O2E00 

0.10000F.02 

0.24525F.-01 

0.3 1468F.-01 

0.55994E-01 

0.39363F00 

0.12000E02 

0.26364E-01- 

0.48297F.-01- 

0.2193312-01 

0.31 57OF0O 

C.14000E02 

0.20758E-01- 

0.835 52E-01 - 

0.62795E-01 

0.274841100 

0.16000E02 

0.88164E-02- 

0.1155IF. 00- 

O.I0669F. 00 

O.23095F.0O 

0.18000E02- 

0.24056E-02- 

0.12936E 00- 

0.131 77E 00 

O.2O587E0O 

0.20000F.02- 

0.11391E-01- 

0.I3I04E 00- 

0.14243E 00 

0.1 9521E00 

0.22000E02- 

0.1 8822E-01- 

0.I307OE 00- 

0.14953F 00 

0.1881 1 FOO 

AVERAGE AND 

MAX. FLUX = 

0.33764E 00 

0.72184F. 00 
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L.O 


LI M) K1 

Al l AO 

ALFA! 

0.4800 


0.0050 0.5650 0.0360 

0.1 855012-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NK] 

FOO FO1 

0.I0000E 

01 

0.42079F. 

01 0.6604 IE 

02 0.33512E 01 0.18690E 

0.189271! 

00 

0.428 5 3 LI-01 





B4 

-4-1 

E(BR-CO) 


0.0 


0.33302E-01 - 

0.I5623F. 00- 

0.I8953E 00 

0.21527E00 

0.20000E0! 


0.319I6E-0I- 

0.16938E 00- 

0.20130E 00 

0.203501100 

0.40000 EO1 


0.1 3520E-01 

0.3285 IE 00 

0.3 149912 00 

0.71 9791700 

0.60000E01 


0.6269 IE-02 

0.481 17E 00 

0.49044E 00 

0.89524E00 

0.80000EOI 


0.22164E-0I 

0.29108E 00 

0.3I325F. 00 

0.7I805K00 

0.10000E02 


0.31118E-01 

0.44663E-02 

0.35584E-01 

0.44038K00 

0.1 2000E02 


0.32057E-01 - 

0.761 3 1 F.-01- 

0.44075E-01 

0.36072E00 

0.14000E02 


0.23874E-0I- 

0.1 1053E 00- 

0.86654E-0I 

0.31815E00 

0,16000E02 


0.83645E-02- 

0.I4725F. 00- 

0.I3888E 00 

0.26592F.00 

O.I8000K02- 


0.5 169412-02- 

0.15926F. 00- 

0.I6443E 00 

0.24037F.00 

0.20000E02- 


0.1 5 6 2 912-01 - 

0.15755E 00- 

0.173I8E 00 

0.23162 E 00 

0.22000E02- 


0.24126E-0I- 

0.15485E 00- 

0.1 789712 00 

0.2 2 58 3 F. 00 

AVERAGE AND 

MAX. FLUX = 

0.40480E 00 

0.89524F. 00 

L0 


LI KO K1 

ALFAO 

ALFA 1 

0.4800 


0.0100 0.5650 0.0360 

0.18550F.-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NK 1 

FOO FO 1 

0.10000E 

01 

0.4251 3E 

01 0.66722E 

02 0.33512H 01 0.18690E 

0.I8542E 

00 

0.41983E-0I 





B4 

-4-2 

E(BR-CO) 


0.0 


0.2961 7E-0I- 

0.14365F. 00- 

0.I7327E 00 

0.1 9491 E00 

0.20000E01- 


0.292 I0E-0I- 

0.15514E 00- 

0.18435E 00 

0.18384E00 

0.40000EO 1 • 


0.1 3533E-01 

0.27047E 00 

0.25694E 00 

0.625 i 2E00 

0.60000F.O I 


0.41954F.-02 

0.42795E 00 

0.43214E 00 

0.8OO32F.OO 

0.80000E01 


0.18844E-01 

0.27508E 00 

0.29393E 00 

0.66211E00 

0.10000F.02 


0.27488E-0I 

0.20757F.-01 

0.48245E-01 

0.4 1643E00 

0.12000E02 


0.28978E-01- 

0.60570E-0I- 

0.3159 IE-01 

0.33659E00 

0.14000E02 


0.22262E-01- 

0.95627E-01- 

0.73365E-01 

0.29482E00 

0.16000L02 


0.87332E-02- 

0.I2962E 00- 

0.I2O89E 00 

0.24729E00 

0.18000F.02- 


0.35637E-02- 

0.14288E 00- 

0.14645E 00 

0.22174E00 

0.20000E02- 


0.1 3244E-01 - 

0.1432IE 00- 

0.15645F. 00 

0.21173EOO 

0.22000E02- 


0.21186E-01- 

O.I4I92F. 00- 

0.1631 IE 00 

0.20507E00 


AVERAGE AND MAX. FLUX = 0.368!8E 00 0.80032E 00 
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1-0 


LI KO K1 

ALFAO 

ALFA 1 

0.3600 


0.0450 0.5650 0.0360 

0.1 8550F.-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NKI 

FOO FOI 

0.10000E 

01 

0.35138E 

01 0.55I47F. 

02 0.33512E 01 0I8690E 

0.27142E 

00 

0.61454F.-01 





B4 

3-9 (E(BR-CO) 


0.0 


0.20033E-01- 

0.90703E-01- 

0.M074E 00 

O.I3556EOO 

0.2000GE01 - 


0 18848F.-0I- 

0.88661 E-01 - 

0.1075 IE 00 

0.1 3878EOO 

0.40000E0I- 


0.80487E-02 

0.I9308E 00 

0.I8503E 00 

0.43I32E00 

0.60000E01 


0.37280E-02 

0.281 33H 00 

0.28976H 00 

0.5313 5 FOO 

0.80000E01 


0.1 329 IE-01 

0.1 7165E 00 

0.18494E 00 

0.43123EOO 

0.10000E02 


0.I8712E-01 

0.97857E-02 

0.28498E-0! 

0.27479E00 

0.12000E02 


0.19276 E-01 - 

0.42189E-0I- 

0.22913E-01 

0.223381-00 

0.14000E02 


0.14354E-01 - 

0.66907E-01 - 

0.52553F.-01 

0.19374E00 

0.16000E02 


0.51305E-02- 

0.90773F.-0I- 

0.85643E-01 

0.1606 5 F; 00 

0.18000E02- 


0.3 I022E-02- 

0.98667E-01- 

0.I0I77F. 00 

0.14452F.O0 

0.20000F.02- 


0.95835E-02- 

0.971 71 E-01- 

0.I0676E 00 

0.12953E00 

0.22000E02- 


0.147 74E-01 - 

0.93402E-0I- 

0.I08I8E 00 

0.1381 IE 00 

AVERAGE AND 

MAX. FLUX = 

0.24629E 00 

0.53135E 00 

L0 


L) NO N1 

ALFAO 

ALFA 1 

0.3600 


0.0500 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NKI 

FOO FO1 

0.10000E 

01 

0.35572E 

01 0.55828E 

02 0.33512E 01 0.I8690E 

0.26484E 

00 

0.59964E-0 

1 





B4- 

-3-10 

E(BR---CO) 


0.0 


0.18788E-01- 

0.88088E-01 - 

0.I0488E 00 

0.12758FOO 

0.20000EOI- 


0.17845E-01- 

0.85756E-01- 

0.I0360E 00 

0.12864E00 

0.40O00E01 - 


0.78005E-02 

O.I78I3F. 00 

0.1 7033E 00 

0.40257E00 

0.60G00E01 


0.32762E-02 

0.26442E 00 

0.26770E 00 

0.49994E00 

0.8OOOOE01 


0.1233 1 E-01 

0.I6407E 00 

0.17640E 00 

0.40864F.00 

0.10000E02 


0.1 7523E-01 

0.1 1288E-01 

0.2881 IE-01 

0.26105EOO 

0.12000E02 


0.181 60E-01 - 

0.38760E-01- 

0.20600E-0I 

0.21 I64E00 

0.14000E02 


0.1 3632E-01- 

0.62379E-01- 

0.48747E-01 

0.18349E00 

0.16000E02 


0.50069E-02- 

0.84843E-01- 

0.79836E-0I 

0.1 5240E00 

0.18000E02- 


0.27488E-02- 

0.92485E-01- 

0.95233E-0I 

0.13701 E00 

0.20000E02- 


0.88685E-02- 

0.913 24E-01 - 

0.100I9E 00 

0.1 3205E00 

0.22000E02- 


0 13784E-01- 

0.88116E-0I- 

0.10190E 00 

0.1 3034E00 


AVERAGE AND MAX. FLUX = 0.23224E 00 0.49994E 00 
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LO L.l KO Kl ALFAO ALFA 1 

0.3600 0.0350 0.5650 0.0360 0.I8550E-02 0.42000E-03 

NH B1N0 BIN 1 NKO NKI FOO FOI 
O.IOOOOE 01 0.34271K 01 0.53786E 02 0.33512E 01 0.I8690E 03 

0.28534E 00 0.64605E-01 


B4-3-7 E(BR-CO) 


0.0 

-0.23068E-01 

-0.10182E 00 

-0.I2489E 

0.1 5532EOO 

0.20000E01 

-0.2 1240E-01 

-0.95239E-0I 

-0.1 16480 00 

0.16373E 00 

0.40000E01 

-0.85695E-02 

0.23079E 00 

0.22222E 00 

0.5O243EOO 

0.60000E01 

0.48973E-02 

0.32242E 00 

0.32731E 00 

0.60752E00 

0.80000EO 1 

0.15668E-01 

0.18896E 00- 

0.20463E 00 

0.48484E00 

0.10000E02 

0.21610K-01 

0.53024E-02 

0.26912E-0I 

0.307! 2E00 

0.12000E02 

0.21966E-OI- 

0.507480-01- 

0.28782E-0I 

0.25142EOO 

0.14000E02 

0.16054E-01 - 

0.77960E-01 - 

0.61907E-01 

0.21830E00 

0.16000E02 

0.53670E-02- 

0.I0525E 00- 

0.99878F.-01 

0.1 8033E00 

0.18000F.02- 

0.4009 IE-02- 

0.1 1366E 00- 

0.1 I767E 00 

0.16253EOO 

0.20000E02- 

0.1 1 354E-0I- 

0.1 1 1 31E 00- 

0.12267F. 00 

0.1 5754F.00 

0.22000E02- 

0.1 7203E-01 - 

0.1061 5E 00- 

0.12335E 00 

0.1 5686E00 

AVERAGE AND 

MAX. FLUX = 

0.28020E 00 

0.60752E 00 

LO 

LI KO Kl 

ALFAO 

ALFA 1 

0.3600 

0.0400 0.5650 0.0360 

0.1 8550E-02 

0.42000F.-03 

NH 

BINO 

BIN 1 NKO NKI 

FOO FOI 

O.IOOOOE 01 

0.27825E 00 

0.34704E 01 0.54467F. 

0.63000F.-01 

B4-3-8 

02 0.33512E 01 0.I8690E 

E(BR-CO) 

0.0 

-0.21447E-01 

-0.9592 IE-01 

-0.1 1737E 00 

0.1 4479E00 

0.20000E01 

-0.19972E-01 

-0.9181 7E-01 

-0.1 1179E 00 

0.1 5O37E0O 

0.40000E01 

-0.83065E-02 

0.21043 E 00 

0.20213E 00 

0.46428E00 

0.60000E01 

0.42608E-02 

0.3005IE 00 

0.3047 7F) 00 

0.56692E00 

0.80000E0I 

0.14392E-01 

0.17999E 00 

0.19432E 00 

0.45648E00 

0.10000E.02 

0.20062E-01 

0.78386E-02 

0.27901 E-0! 

O.290O6EOO 

0.12000E02 

0.20535E-01 

-0.46144E-01 

-0.25609E-0! 

0.23655E00 

0.14000E02 

0.1 5157E-OI 

-0.72053E-01 

-0.56897E-01 

0.20526E00 

0.160003 02 

0.52524E-02 

-0.97512E-0I 

-0.92260E-0I 

0.16990E00 

0.18000E02 

-0.35167E-02 

-0.I0567E 00 

-0.109I8E 00 

0.1 5297E00 

0.20000E02 

-0.10403E-01 

-0.I0379E 00 

-0.1 I4I9E 00 

0.14797E00 

0.22000E02 

-0.1 5904E-01 

-0.99369E-01 

-0.1 I527E 00 

0.14688E00 

AVERAGE AND 

MAX. FLUX = 

0.26216E 00 

0.56692E 00 
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0 0 -0.27137E-01 -0.11615H 00 -0.I4329E00 O.I8166EOO 

0.20000E0! -0.24312E-01 -O.1O277EO0 -0.12708E 00 0.I9787E00 

0.40000EOI -0.90694E-02 0.284I6E 00 0.27509E 00 0.60004E00 

0.60000EOI 0.66196E-02 0.37689E 00 0.3835!E 00 0.70845E00 

0.80O00E0I 0.18936E-01 0.20939E 00 0.22833E 00 0.55328E00 

0.10000E02 0.25494E-01 -0.23979E-02 0.23096E-0! 0.34804ED0 

0.12000E02 0.25496E-01 -0.62555E-01 -0.37060E-01 0.28789E00 

0.14000E02 0.18197E-01 -0.92857E-0! -0.74660E-01 O.25O29F.O0 

0.16000E02 0.55346E-02 -O.12478E00 -0.1I925E 00 0.20570E00 

0.18000E02 -0.53309E-02 -0.13367E 00 -0.13900E 00 0.18595E00 

0.20000E02 -0.13795E-01 -0 I 3002E 00 -0.14382E 00 0.18113E00 

0.22000E02 -0.20492E-01 -0.12283F. 00 -0.I4332E 00 0.18I62E00 

AVERAGE AND MAX. FLUX = 0.32495E 00 0.70845F. 00 

L0 LI KO K1 ALFAO ALFA 1 

0.3600 0.0300 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH BINO BIN 1 NKO NK1 FOO FOI 
0.10000E 01 0.33837E 01 0.53105E 02 0.33512E 01 0.18690E 03 

0.29270E 00 0.66272E-01 


B4-3-6 E(BR-CO) 


0.0 

-0.24944E-01 

-0.10822E 00 

-0.13346E 00 

0.I6746E00 

0.20000E0I 

-0.22676E-01 

-0.98913E-01 

-0.12159E 00 

0.1 7933E00 

0.40000E01 

-0.88289E-02 

0.25499E 00 

0.246 16E 00 

0.54708F.00 

0.60000E01 

0.56689E-02 

0.34764E 00 

0.35331E 00 

0.65423E00 

0.80000E0I 

0.1 7163E-01 

0.19879E 00 

0.21595F. 00 

0.51688F.00 

0.10000E02 

0.23400E-01 

0.19788F.-02 

0.25379E-0I 

0 3 263OEO0 

0.12000E02 

0.23604E-01 

-0.56152E-01 

-0.32549E-01 

0.26837EO0 

0.14000E02 

0.1 7061E-0I 

-0.84813E-01 

-0.67752E-01 

0.23317F.00 

0.16000E02 

0.54617E-02 

-0.1 1422E 00 

-0.I0876E 00 

O.I92I7EOO 

0.18000E02 

-0.46029E-02 

-0.I2289E 00 

-0.I2749E 00 

0.1 7 343 F. 00 

0.20000E02 

-0 1 2468E-01 

-0.1 I997E 00 

-0.I3244F 00 

0.16848E00 

0.22000E02 

-0.1871 3E-01 

-0.11390E 00 

-0.1 326IE 00 

0.1683 IF 00 


AVERAGE AND MAX. FLUX = 0.30092E 00 0.65423E 00 
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10 l -l KO KI ALFAO ALFA I 

0.3600 0.0150 0.5650 0.360 0.18550E-02 0.42000E-03 

NH B1N0 BIN] NKO NKI FOO FOl 

0.I0000K 01 0.32535F: 01 0.5I063E 02 0.335121 01 0.18690E 03 

0 31659E 00 0.71680E-01 

B4-3-3 E(BR-CO) 

0 0 -0.3285411-01 -0.13483E 00 -0.16769E 00 0.21900F.0Q 

0.20000F01 - 0.2 8 3 2 4 FI -01 -0.10979F. 00 -0.1381 IF. 00 0.24858EOO 

0.40000E01 -0.93655F1-02 0.36452E 00 0.35515F. 00 0.74185F00 

0.60000F10I 0.93404E-02 0.451 12E 00 0.46046E 00 0.8471 5F00 

0.800000EOI 0.2368E-01 O.232I4E0O 0.25583E 00 0.64252E00 

0.1 OOOOF.02 0.30951E-01 -0.1581 IE-01 0.151 39E-01 0.40183F100 

0.12000E02 0.30308E-0! -0.79372E-01 -0.49064E-01 0.33763F.OO 

0.14000E02 0.20936F-01 -0.11401F. 00 -0.93070F-0I 0.29362F.00 

0.16000E02 0.54802F-02 -O.I5279EOO -0.1473IF. 00 0.23938E00 

0.1 8000F02 -0.73979F.-02 -0.16187E 00 -0.16927F. 00 0.21 742E00 

0.20000E02 -0.17378E-01 -0.156O1EOO -O.I7339EOO 0.2133OE0O 

0.22000E02 -0.25203F1-01 -0.I4547E00 -O.I7068F. 00 0.2I602E00 

AVERAGE AND MAX FLUX = 0.38669E 00 0.84715E 00 

1-0 LI KO KI ALFAO ALFA I 

0 3600 0.0200 0.5650 0.0360 O.I855OE-02 0.42000F.-03 

NH B1NO BINI NKO NKI FOO FOI 

0.100003 010.32969F. 010.51743E 020.33512F. 010.18690E 03 

0.3083 IE 00 0.69806E-01 

B4-3-4 F.(BR-CO) 

0.° -0.29734E-01 -0.12488E 00 -0.1546IEO0 O.I9853EOO 

0.20000E01 -0.26183E-01 -0.1O657EO0 -0.13276E 00 0.22038F.00 

0.40000F 01 -0.92642E-02 0.31991E 00 0.31064E 00 0.66378E00 

0.60000E01 0.78124E-02 O.4II04E 00 0.41886F. 00 0.772OOEO0 

0.80000E01 0.21072E-01 0.22064E 00 0.241 71 E 00 0.59485E00 

0.10000E 02 0.27974E-0I -0.81800E-02 0.19794E-01 0.37293E00 

0.12000E 02 0.27704E-01 -0 701 99E-01 -0.42495E-01 0.31065E00 

0.14000E 02 0.1948 IE-01 -0.I0243F. 00 -0.82948E-0I 0.270I9F.O0 

0.160000E 02 0.55514E-02 -O.I374IEOO -O.I3I86EOO O.2129E0O 
0.180000E 02 -0.62397E-02 -0.14645E00 -0.I5269F. 0.2045E00 

0.20000E02 -0.15399E-01 -0.14I85EOO -0.15725E 00 0.19589F00 

0.22000E 02 -0.22617E-0I -0.13323EOO -O.15585E00 O.19729E0O 

AVERAGE AND MAX. FLUX = 0.35314E 00 0.77200F 00 
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L0 


L.l K0 K1 

ALFAO 

ALFA 1 

0.3600 


0.0050 0.5650 0.0360 

0.1 8550F.-02 

0.42000F.-03 

NH 


BINO 

BIN 1 NKO 

NKI 

FOO FO1 

0.10000E 

01 

0.3I668E 

01 0.4970 IF. 

02 0.33512E 01 0.18690E 

0.33417E 

00 

0.75662E-0 

1 





B4-3-! F.(BR-CO) 


0.0 


-0.41401E-01 

-0.1 583IF. 00 

-0.1997IE 00 

0.27770F.00 

0.20000F.01 


-0.33473E-01 

-0.10644F. 00 

-0.I3992E 00 

0.33749E00 

0.40000EO! 


-0.88786E-02 

0.49464E 00 

0.48577E 00 

0.96318F.00 

0.60000E0I 


0.14037E-01 

0.55209E 00 

0.56613E 00 

0.I0435E0I 

O.SOOOOEO 1 


0.31101E-01 

0.25124E 00 

0.28234E 00 

O.75975EO0 

0. IOOOOE02 


0.39088E-01 

-0.38083E-01 

0.10058F.-02 

0.47842E00 

0. i 2000E02 


0.37161 E-01 

-0.I0334E 00 

-0.661 77E-0I 

0.41 123E00 

0.14000E02 


0.24419E-01 

-0.I4630E 00 

-0.12188E 00 

0.35553E00 

0.16000E02 


0.48083E-02 

-0.19674E 00 

-0.19I93E 00 

O.28548EO0 

0.18000E02 


-0.1093 IE-01 

-0.20533E 00 

-0.2I626E 00 

0.26115E00 

0.20000E02 


-0.23 140E-01 

-0.19525E 00 

-0.2I839E 00 

0.25902F.00 

0.22000E02 


-0.32553E-01 

-0.I7778E 00 

-0.2I034E 00 

0.26707E00 

AVERAGE AND 

MAX. FLUX = 0.4774IE 00 

0.I0435E 01 

L0 


L.l KO K1 

ALFAO 

ALFA 1 

0.3600 


0.0100 0.5650 0.0360 

0.1 8550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NKI 

FOO FO 1 

0.10000E 

01 

0.32I02E 

01 0.50382E 

02 0.33512E 01 0.18690E 

0.32520E 

00 

0.73630E-0 

1 





B4 

-3-2 F.(BR-CO) 


0.0 


-0.36663F.-01 

-0.I4607E 00 

-0.18274E 00 

0.24455F.00 

0.20000E01 


-0.3076 1 E-01 

-0.1 HOOF. 00 

-0.14176E 00 

0.28552E00 

040000E0I 


-0.92885E-02 

0.42I27E 00 

0.41 1 98E 00 

O.83927E0O 

0.60000E01 


0.11343E-01 

0.49806E 00 

0.5094!E 00 

O.93670EOO 

0.80000EOI 


0.26946E-01 

0.2430IE 00 

0.26996E 00 

O.69725E0O 

0.10000E02 


0.34581 E-01 

-0.25750E-0I 

0.88318E-02 

0.4361 2EOO 

0.12000E02 


0.33414E-01 

-0.90368E-01 

-0.56954E-01 

0.37033E00 

0.14000E02 


0.22580E-01 

-0.12828E 00 

-0.10570E 00 

0.321 59EOO 

0.16000E02 


0.52630E-02 

-0.17I99E 00 

-0.I6673E 00 

O.26O56E0O 

0.18000E02 


-0.89088E-02 

-0.18094E 00 

-0.18985E 00 

0.23744E00 

0.20000E02 


-0.19879E-01 

-0.17334E 00 

-0.I9322E 00 

0.23407E00 

0.22000E02 


-0.28422E-01 

-0.16007E 00 

-0.18849E 00 

0.23880EOO 


AVERAGE AND MAX. FLUX = 0.42729E 00 0.93670E 00 
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L0 


LI KO K1 

ALFAO ALFA! 

0.2400 


0.0450 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO NK1 

FOO FO1 

O.IOOOOE 

01 

0.24727 

01 0.38807E 

02 0.33512E 

01 0.18690E 

0.5481 IE 

00 

01241OE 

00 





B4 

-2-8 

F(ER-CO) 


0.0 


-0 23909E-0I 

-0.86827E-0I 

-0.1 1074E 00 

0.16067E00 

0.20000EOI 


-0.1 7758E-01 

-0.84849E-02 

-0.26243E-01 

0.24516E00 

0.40000EG 1 


-0.38682E-02 

0.29047E 00 

0.28660E 00 

0.55800EOO 

0.60000EO 1 


0.87924E-02 

0.29209E 00 

0.30088E 00 

0.57229E00 

O.80000E0I 


0.18101 E-01 

0.1 1491E 00 

0.1330IE 00 

0.40442E00 

0.10000E02 


0.22278E-01 

-0.19234E-01 

0.30443E-02 

0.27445EOO 

0.12000E02 


0.20751 E-01 

-0.5291 1 E-01 

-0.3216 1 E-01 

0.23925E00 

O.I4000E02 


0.13150E-OI 

-0.80888E-0I 

-0.67738E-01 

0.20367E00 

0.16000 E02 


0.23337E-02 

-0.1 I287E 00 

-0.1 I054E 00 

0.I6087E00 

0.18000E02 


-0.65629E-02 

-0.12I45E 00 

-0.127980 00 

0.I4343E00 

0.20000E02 


-0-13774E-01 

-0.11815E 00 

-0.I3193E 00 

0.I3948E00 

0.22000E02 


-0.I9490E-0I 

-0.1064IE 00 

-0.12590E 00 

0.14551 EOO 

AVERAGE AND 

MAX. FLUX = 

0.2714! E 00 0 

.57229E 00 

L0 


LI KO K1 

ALFAO ALFA 1 

0.2400 


0.055 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

1 NK1 

FOO FOl 

O.IOOOOE 

01 

0.25161 E 

01 0.39488E 

02 0.33512 

01 0.I8690E 

0.52937E 

00 

0.1 I986E 

00 





B4- 

-2-10 

E(BR-CO) 


0.0 


-0.22327E-01 

-0.8145 1 E-01 

-0.10378E 00 

0.1 5066E00 

0.20O00E01 


-0.16833E-01 

-0.14837E-01 

-0 31671 E-01 

0.22277E00 

0.40000E01 


-0.38450E-02 

0.26922E 00 

0.26537E 00 

0.51981 EOO 

0.60000E01 


0.80738E-02 

0.27625E 00 

0.28433E 00 

0.53877E00 

0.80000E01 


0.16868E-0J 

0.11249E 00 

0.12935E 00 

0.38379E00 

0.10000E02 


0.20857E-01 

-0.1 7453E-01 

0.34043E-02 

0.25784E00 

0.12000E02 


0.19509E-01 

-0.50110E-01 

-0.30601 E-01 

0.22384E00 

0.I4000E02 


0.12463E-01 

-0 76120E-0I 

-0.63558E-01 

0.1 9O78E00 

0.16000E02 


0.22932E-02 

-0.1057IE 00 

-0.10342E 00 

0.15I03E00 

0.18000E02 


-0.60445E-02 

-0.1 I338E 00 

-0.11943E 00 

0.13502EO0 

0.20000E02 


-0.1281 2E-01 

-0.10990E 00 

-0.1227IE 00 

0.13173E00 

0.22000E02 


-0 I8123E-01 

-0.98934E-01 

-0.11706E 00 

0.13738EOO 


AVERAGE AND MAX. FLUX = 0.25444E 00 0.53877E 00 
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L0 


L.l K0 kl 

ALFAO ALFA 1 

0.2400 


0.0350 0.5650 0.0360 

0.1 8550F.-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NK! 

FOO FO1 

0.I0000E 

01 

0.23859E 

01 0.37446E 

02 0.33512E 

01 0.18690E 

0.58869E 

00 

O.I3329E 

00 





B4 

-2-7 E(BR-CO) 


0.0 


-0.2782 IE-01 

-0.10010E 00 

-O.I2792E 00 

0.1 8525E00 

0.20000E01 


-0.19996E-01 

0.80645E-02 

-0.1 1932E-01 

0.301 24FOO 

0.40000E01 


-0.3878 IE-02 

0.34356E 00 

0.33968E 00 

0.65285EOO 

0.60000EO 1 


0.10599E-01 

0.33077E 00 

0.341 3 7E 00 

0.65455F00 

0.80000E0! 


0.21160E-0I 

0.1 I997E 00 

0.141 I3E 00 

0.4543 1 LOO 

0.10000E02 


0.25783E-01 

-0.23824E-01 

0.1 9588E-02 

0.3151 3 E00 

0.12000E02 


0.23794E-01 

-0.59820E-0I 

-0.36027E-01 

0.2771 5E00 

0.14000E02 


0.14809E-01 

-0.92649E-0I 

-0.77840E-01 

0.23533EO0 

0.I6000E02 


0.24026E-02 

-0.13055E 00 

-0.128I4E 00 

0.1 85O3E00 

0.18000E02 


-0.77355E-02 

-0.14133E 00 

-O.I4906E 00 

0.1641 IE00 

0.20000E02 


-0.161 63E-01 

-0.13850E 00 

-0.I5466E 00 

0.15851 El 00 

0.22000E02 


-0.22878E-01 

-0.12485W 00 

-0.14773E 00 

0.I6544E00 

AVERAGE AND 

MAX. FLUX = 0.3I3I7E 00 0.65455E 00 

L0 


LI KO kl 

ALFAO ALFA 1 

0.2400 


0.0400 0.5650 0.0360 

0.1 8550E-02 

0.42000E-03 

NH 


BINO 

BIN 1 NKO 

NK 1 

FOO FO1 

0.I0000E 

01 

0.24293E 

01 0.38127F. 

02 0.33512E 

01 0.I8690E 

0.56786E 

00 

O.I2857E 

00 





B4- 

-2-8 E(BR-CO) 


00. 


-0.25723E-01 

-0.92995E-0I 

-0.11872E 00 

0.1 7208F.00 

0.20000E0I 


-0.1 8805E-01 

-0.99309E-03 

-0.19798E-01 

0.271 OOF. 00 

0.40000E01 


-0.388 16E-02 

0.3I499E 00 

0.31 1 1 IE 00 

0.60190EOO 

0.60000E01 


0.96241E-02 

0.3101 3E 00 

0.31975E 00 

0.6 1055F.00 

0.80000E01 


0.1951 7E-0 1 

0.1 I743E 00 

0.13695E 00 

0.42774F.00 

0.10000E02 


0.23904E-01 

-0.21339E-01 

0.25650E-02 

0.29336E00 

0.12000E02 


0.22166E-0I 

-0.561 22E-01 

-0.33956F.-0I 

0.25684E00 

0.14000E02 


0.13926E-01 

-0.86343E-01 

-0.7241 7E-01 

0.21838E00 

0.16000E02 


0.23712E-02 

-0.12106E 00 

-0.1 I869E 00 

0.1721 1E00 

0.18000E02 


-0.70841 E-02 

-0.I3067E 00 

-0.13775E 00 

0.1 5305E00 

0.20000E02 


-0.14879E-01 

-0.12759E 00 

-0.14247E 00 

0.14833E00 

0.22000E02 


-0.21058E-01 

-0.11496E 00 

-0.13602E 00 

0.15478E00 


AVERAGE AND MAX. FLUX = 0.29080E 00 0.61055E 00 
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1.0 

El K0 K1 

Al.FAO 

A IF A 1 

0.2400 

0.250 0.5650 0.0360 

0.18550F.-02 

0.42000F-03 

NH 

BINO 

BIN 1 NKG 

NK1 

FOO FO1 

0.1000012 01 

0.22992F 

01 0.36084F 

02 0.33512E 0! 0.186901 

0.63 396F. 

00 0.I4354E 00 




B4 

-2-5 

F(BR-CO) 


0.0 

-0.33188F-0I 

-0.117941: 00 

-0.15113F 00 

0.21901E00 

0.20000E0I 

-0.22930F.-01 

0.3400 IE-01 

0.1 171 IF-01 

0.38 121 FOO 

0.40000F. 01 

-0.37668F-02 

0.4174IF. 00 

0.41364F 00 

0.7 83781:00 

0.60000F0I 

0.13154F-01 

0.3820IF 00 

0.39517F 00 

0.765301200 

0.80000FO 1 

0.25387E-01 

0.12442F 00 

0.1498IF 00 

0.519941200 

0.10000F02 

0.30574E-01 

-0.301 77E-01 

0.39766E-03 

0.37053i:00 

0.12000F02 

0.27908F.-01 

-0.69045E-01 

-0.411371-1-01 

0.32 9001:00 

0.14000F02 

0! 6990E-01 

-0.10873E 00 

-0.91744E-01 

0.27839FOO 

0.16000E02 

0.24271F-02 

-0.15487F 00 

-0.1 524512 00 

0.21 7691-00 

0.18000F.02 

-0.94364E-02 

-0.16867E 00 

-0.1 78 1 ! F 00 

0.19 2031:00 

0.20000F.02 

-0.1948211-01 

-0.I6654F 00 

-0.186021: 00 

0.1841 1 FOO 

0.22000E02 

-0.27569F-01 

-0.15017E 00 

-0.17773F. 00 

0.19 240 e: 00 

AVERAGE AND 

MAX. FEE A = 

0.370141: 00 

0.73781: 00 


LO 

LI KO K1 

Al.FAO 

ALFA 1 

0.2400 

0.0300 0.5650 0.0360 

0.1 8550E-02 

0.42000F-03 

NH 

BINO 

BIN 1 NKO 

NK1 

FOO FOl 

O.IOOOOE 01 

0.23425E 

01 0.36765E 

02 0.335121 

: 01 0.18690F 

0.61070F 00 

0.13827E 

00 




B4 

-2-6 F(BR-CO) 


0.0 

0.30277E-01 

-0.1083.3E 00 

-0.1 386IF 00 

0.2006 7 FOO 

0.20000F0I 

-0.21360F-01 

0.19363F-01 

-0.19979F-02 

0.3 3 7 2 8 E00 

0.40000EO 1 

-0.38461F.-02 

0.37722F 00 

0.37337F 00 

0.71 265FOO 

0.60000F01 

0.11756E-01 

0.35453F 00 

0.36629F 00 

0.70557E00 

O. 8 OOOOF.O | 

0.23089E-01 

0.12240E 00 

0.I4549F. 00 

0.4847 7F00 

0.10000E02 

0.27977E-0I 

-0.26749E-01 

0.1 2286E-02 

0.34051FOO 

0.12000E02 

0.25685E-01 

-0.64095F.-01 

-0.38410E-01 

0.30087FOO 

0.14000E02 

0.15821F-01 

-0.10002F 00 

-0.84198E-01 

0.25508E00 

0.16000E02 

0.24235E-02 

-0.14I66F. 00 

-O.I3924E 00 

0.20005E00 

0.18000E02 

-0.85075F.-02 

-0.1538IE 00 

-0.16232F 00 

0.17696F00 

0.20000E02 

-0.1 7674E-01 

-0.15129E 00 

-0.16897E 00 

0.17032FOO 

0.22000F.02 

-0.25016E-01 

-0.I3642E 00 

-0.I6144E 00 

0.1 7784FOO 

AVERAGE AND MAX FLUX = 

0.33928F. 00 

0.71265F 00 
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LO LI KO KI ALFAO ALFA I 
0.2400 0.0150 0.5650 0.0360 O.I8550F-02 0.42000E-03 

NH BINO BIN I NKO NKI FOO FOI 
0.I0000F 01 0.22I24E Oi 0.34723F 02 0.33512E 01 0.18690E 03 

0.68466H 00 0.I5502E 00 

B4-2-3 E(BR-CO) 

0.0 -0.41009E-01 -0.14279F00 -0.I8380E 00 0.26863F00 

0.20000E01 -0.26840E-01 0.82384E-01 0.55544E-0! 0.50797E00 

0.40000E01 -0.3313IE-02 0.52635E 00 0.52303E 00 0.97546F.00 

0.60O00E01 0.17044E-01 0.45095E 00 0.46799F 00 0.92042E00 

0.80000E01 0.31599E-01 0.1 2445E 00 0.I5605E 00 0.6O847EO0 

0.10000F02 0.37508E-0I -0.38653F-01 -0.1 1452F-02 0.45I28E00 

0.12000E02 0.33753E-0! -0.8I320E-OI -0.47567E-01 0.40486E00 

0.14000E02 0 19947F-01 -0.I3I82E00 -0.II187E 00 0.34055E00 

0.16000F.02 0.23346E-02 -O.I9049EOO .-0.188I6E00 0.26427E00 

0.18000E02 -0.11993E-0 I -0.2091 IE 00 -O.22110E 00 0.23I32EO0 

0.20000E02 -0.24430E-01 -0.20827E 00 -0.23270E 00 0.2I973E00 

0.22000E02 -0.34553E-01 -0.I8745E00 -O.222OIE 00 0.23O42E00 

AVERAGE AND MAX. FLUX = 0.45242E 00 0.97546E 00 


LO LI KO K1 ALFAO ALFA I 

0.2400 0.0200 0.5650 0.0360 O.I8550E-O2 0.42000E-03 

NH BINO BIN I NKO NKI FOO FOI 
0.10000E 01 0 22558E 01 0.35403E 02 0.335I2E 01 0 18690R 03 

0.65858E 00 0.1491 IE 00 

B4-2-4 E(BR-CO) 


0.0 

-0.36697E-01 

-0.12927E 00 

-0.I6596E 00 

0.24120E00 

0.20000EO 1 

-0.24743E-0! 

0.53864E-01 

0.29121 E-01 

0.43628E00 

0.40000EO 1 

-0.36079E-02 

0.466 15E 00 

0.46254E 00 

0.86970E00 

0.60O00E01 

0 14874E-01 

0.41392E 00 

0.42879E 00 

O.83595E00 

0.80000E0I 

0.28167E-01 

0.12548E 00 

0.I5365E 00 

0.5608 IE00 

0.10000E02 

0.33694E-01 

-0.341 53E-01 

-0.45895E-03 

0.4O67OEOO 

0.12000E02 

0.30554E-01 

-0.74769E-01 

-0.44215E-01 

0.36295E0O 

0.14000E02 

0.18350E-01 

-0.11917E 00 

-0.10082E 00 

O.30635E0O 

0.16000E02 

0.24028E-02 

-0.17084E 00 

-0.16844E 00 

0.23873E00 

0.18000E02 

-0.10574E-01 

-0.1867IE 00 

-0.19728E 00 

0.20988E00 

0.20000E02 

-0.21685E‘01 

-0.18509E 00 

-0.20678E 00 

0.2O039E00 

0.22000E02 

-0.30677E-01 

-0.I668OE 00 

-0.19748E 00 

0.20969E00 

AVERAGE AND 

MAX. FLUX 

= 0.40716E 00 0.86970E 00 
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LO I.l KO KI ALFAO ALFA I 

0.2400 0.0050 0.5650 0.0560 0.18550E-02 0.42000F.-03 

O.IOOOOE 01 0.2I256E 01 0.33361 E 02 0.33512E 01 0.18690E 03 

0.74I69E 00 0.I6793E 00 


AVERAGE AND MAX FLUX = 0.58 176E 00 0.1 281 OF 01 


LU 


LI 

KU K! 

ALFAO 

ALFA! 

0.2400 


0.0050 0.5650 0.0360 

0.18550E-02 0.42000E-I 

NH 


B1NO BIN! NKO 

NKI 

FOO FOI 

O.IOOOOE 

01. 

21256E01 0.33361E 02 0.335 12E01 0.18690E 03 0.74169E 00 0.16793E1 



B4-2-1 


E(BR- 

CO) 

0.0 


-0.53524E-01 

-0.17986E 00 

-0.23338E 00 

0.34838E 00 

0.20000E 

01 

-0.31945E-01 

0.20089E 00 

0.16894E 00 

0.75071 E 00 

0.40000E 

01 

-0.17949E-02 

0.70099E 00 

0.69920 E 00 

0.128I0E 01 

0.60000E 

01 

0.2 36 56E-01 

0.54065E 00 

0.56431E 00 

0.1 1461E 01 

0.80000E 

01 

0.4157 E-01 

0.10328E 00 

•0.14486E 00 

0.72662E 00 

O.IOOOOE 

02 

0.483 72E-01 

-0.47700E-01 

0.67209E-03 

0.58244E 00 

0.12000E 

02 

0.42612E-01 

-0.95737E-01 

-0.53124E-0I 

0.52864E 00 

0.14000E 

02 

0.24037E-0! 

-0.16624E 00 

-0.14220E 00 

0.43956E 00 

0.16000E 

02 

0.19695E-02 

-0.24683E 00 

-0.24486E 00 

0.33690E 00 

0.18000E 

02 

-0.16158E-01 

-0.27589E 00 

-0.29204E 00 

0.28972E 00 

0.20000E 

02 

-0.32605E-0! 

-0.2791 5E 00 

-0.31175E 00 

0.2700IE 00 

0.22000E 

02 

-0.46229E-01 

-0.25022E-01 

-0.29645E 00 

-0.2853 IE 00 

0.2853 IE 

00 






AVERAGE AND MAX.FLUX = 0.58176E 00 0.12810E 01 
LO LI KO K1 ALFAO ALFA I 

0.2400 0.0100 0.5650 0.0360 0.18550E-02 0.42000E-03 

NH B1N0 BIN 1 NKO NK1 FOO FOI 
O.IOOOOE 01 0.2I690E 01 0.34042E 02 0.33512F. 01 0.I8690E 03 

0.71232E 00 0.16128E 00 


0.0 

B4 

-0.46443E-01 

-2-2 

-0.15922E 00 

E(BR-CO) 

-0.20567E 00 

0.30554E00 

O.2OOOOE0I 

-0.29250E-01 

0.12637E 00 

0.971 I8E-0I 

0.60612E00 

O.4OOOOE0 1 

-0.27782E-0 

2 0.60236E 0 

0 0.59959E 00 

0.11086E01 

0.60000EO 1 

0.19860F.-01 

0.4935 1E 00 

0.5I337E 00 

0.10224E01 

0.80000EOI 

0.35935E-01 

0.11893E 00 

0.15486E 00 

0.66387E00 

0.10O0OE02 

0.4227 1 E-0 1 

-O.43438F.-01 

-0.1 1677E-02 

0.50784EOO 

0.12000E02 

0.37686E-01 

-0.88566E-01 

-0.50880E-01 

0.45813E00 

0.14000E02 

0.21 828E-01 

-0.14732E 00 

-0.12549F. 00 

0.38352E00 

0.16000E02 

0.21993E-02 

-0.21 5 19E 00 

-0.2I299E 00 

0.25744E00 

0.20000E02 

-0.27946E-01 

-0.23827E 00 

-0.2662IE 00 

0.24279E00 

0.22000 E02 

-0.39538E-01 

-0.21404E 00 

-0.25358E 00 

0.25543E00 


AVERAGE AND MAX. FLUX = 0.50901E 00 0.I1086E 01 
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< 1-0 LI NO N1 ALFI AO ALFA I 
0.1200 0.0450 0.5650 0.0360 0.I8550F-02 0.42000L-03 

NH BINO BIN 1 NKO NKI FOO FOl 
0.I0000E 01 0.14316H 01 0.22467E 02 0.33512 Fi 01 0.18690E 03 

0.163531! 01 0.37025E 00 

B4-1-9 F.(BR-CO) 

0.0 -0.29475F-01 -0.11203E 00 -0.14150E00 0.16072F.OO 

0.20000E01 -0.139I3E-01 0.24387E 00 0.22995E 00 -0.53218E-00 

0.40000F01 0.1 6057E-02 0.403 I 93-00 0.40479E 00 -0.70702E-00 

0.60000FOI 0.1 3970E-01 0.23872E 00 0.25269E 00 -0.55492E-00 

O.SOOOOEOI 0.22300F-01 -0.3058 IE-01 -0.82805F-02 -0.29395F.-00 

0.1OOOOE02 0.2501 3F.-01 -0.28004E-01 -0.2991 3E-02 -0.29923E-00 

0.12000E02 0.21061 F.-01 -0.36359E-01 -0.15299F-01 -0 28693F-00 

0.14000E02 0.10524F-01 -0.72308E-01 -0.61784F-01 -0.24044F-00 

0.16000E02 0.35814F-03 -O.I1792EOO -0.II756E 00 -0.18467F-00 

0.18000F.02 -0.82470F-02 -O.I4441EOO -0.15266E 00 -0.14957E-00 

0.20000E02 -0 17377F-01 -0.161O7EOO -O.17844E0O -0.12378E-00 

0.22000F02 -0.26044E-01 -0.15531F 00 -0.18135E 00 -0.I2087F-00 

AVERAGE AND MAX. FLUX = 0.30223E 00 0.70702F 00 


EO L.1 KO K1 ALFAO ALFA 1 

0.1200 0.0500 0.5650 0.0360 0.18550F-02 0.42000E-03 

NH BINO BIN I NKO NKI FOO FOl 
0.I0000E 01 0.I4749E 01 0.23148E 02 0.33512E 01 0.I8690E 03 

0.15405E 01 0.34879E 00 



B4- 

1-10 

E(BR-CO) 


0.0 

-0.27230E-01 

-0.1005912 00 

-0.I2782E 00 

0.1535! KOO 

0.20000F01 

-0.13125F-01 

0.2158 IF 00 

0.20269F 00 

0.48402F00 

0.40000E01 

0.12896F.-02 

0.36988E 00 

0.371 17F 00 

0.65251 E00 

0.60000E01 

0.1 2858F.-01 

0.22397E 00 

0.23682F 00 

0.51816E00 

0.80000EO 1 

0.20696E-01 

-0.2035312-01 

0.34333E-03 

0.28 168F.00 

0.1OOOOF02 

0.23294E-01 

-0.24412F-0I 

-0.1 1 180F-02 

0.28022E00 

0.1 2000E02 

0.1 9700F-01 

-0.3447 IE-01 

-0.1 4772E-0 1 

0.26656E00 

0.14000E02 

0.99836F-02 

-0.68902F-01 

-0.5891 9E-0 1 

0.22242F.00 

0.16000F02 

0.401 18E-03 

-0.1 1151E 00 

-0.1 I 1 1 IE 00 

0.1 702 3 FOO 

O.I8000E02 

-0.7729IF-02 

-0.13530E 00 

-0.I4303E 00, 

0.1 3830E00 

0.20000E02 

-0.1621 3F-0 1 

-0.I4902E 00 

-0.16524E 00 

0.1 I6IOEOO 

0.22000E02 

-0.241 14E-01 

-0.I4I78E 00 

-0.16590E 00 

0.1 1544E00 


AVERAGE AND MAX. FLUX = 0.28133E 00 0.65251 F 00 
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1.0 

11 KO K1 

ALFAO 

ALFA 1 

0.1200 

0.0350 0.5650 0.0360 

0.1 8550E-02 

0.42000F.-03 

Ml 

BINO 

BIN 1 NKO NK1 

FOO FOI 

O.IOOOOF 01 

0.1 3448 E 

01 0.21106E 

02 0 335I2F 01 0.18690F 

0.18531E 

01 0.41956E 00 




B4 

-1-7 

E(BR-CO) 


0.0 

-0.35140E-01 

-O.I4104F 00 

-0.17618E 00 

0 I7876FOO 

0.200001:01 

-0.1 5906E-01 

0.3 142IF 00 

0.2983IE 00 

0.65325F00 

0.400001.01 

0.24016F-02 

0.48728F 00 

0.48968E 00 

O.84462F.0O 

0.600001.01 

0.16780F-01 

0.27640F 00 

0.2931 8E 00 

0.64812F.OO 

0.80000E01 

0.263 53F-01 

-0.56229F-0I 

-0.29876F-01 

0.32506F.00 

O.IOOOOF. 02 

0.29353E-01 

-0.37242E-0I 

-0.78898F.-02 

O.347O5E0O 

0.12000F02 

-0.24498E-01 

-0.41373F-01 

-0.16876F-01 

0.33806E00 

0.14000F02 

0.11882L‘01 

-0.81050F-01 

-0.69168E-01 

O.28577EO0 

0.I6000F02 

0.23708F-03 

-0.13409F 00 

-0.I3385E 00 

0.22109F00 

0.I8000F.02 

-0.95622E-02 

-0.16725F 00 

-0.1 7681E 00 

0 17813F.OO 

0.200001:02 

-0.20313F-0I 

-0.19121F 00 

-0.21153E 00 

0.14341 FOO 

0.22000E02 

-0.30900E-01 

-0.I8926E 00 

-0.22016F. 00 

0.134783 30 

AVERAGE AND 

MAX FLUX - 

0.35494E 00 

0.84462F. 00 


1.0 

LI KO K1 

ALFAO 

ALFA 1 

0.1200 

0.04000.0360 0.18550E-02 0.42000E-03 

NH 

BINO 0 

BIN 1 NKO NK1 

FOO FOI 

O.IOOOOF 01 

0.1739 IF 

O.I3882E® 
01 0.393^5 

B4 

o 

01 0.21787E 

E 00 

-1-8 

02 0.33512E 01 0.I8690E 

F.(BR-CO) 

0.0 

-0.32080E-00 

-0.12534E 00 

-O.I5752F. 00 

0.16905E00 

0.20000E 01 

-0.14830E-01 

0.27619E 

0.261 36E 00 

0.58783E00 

0.40000E 01 

0.19708E-02 

0.44185E 00 

0.4438212 00 

0.77029E00 

0.60000E01 

0.1 5261E-01 

0.25602E 00 

0.271 28F. 00 

0.59775E00 

0.80000E 01 

-0.24163E-0I 

-0.42356E-0! 

-0.1 8193E-01 

0.30828E00 

O.IOOOOF 02 

0.27008E-01 

-0.32237E-01 

-0.52292E-02 

0.32 1 24E00 

0.12000E02 

0.22642E-0I 

-0.38647E-01 

-0.1 6005E-01 

0.31046E00 

0.14000E02 

0.1 1 150F-0I 

-0.76317E-01 

-0.65166F.-01 

0.26I30E00 

0.16000E 02 

0.30444E-03 

-0.I2535E 00 

-0.I2505E 00 

0.20142EOO 

0.18000E02 

-0.88509E-02 

-0.15493E 00 

-0.I6378E 00 

0.I6269E00 

0.20000E02 

-0. i 8728E-01 

-0.I7495E 00 

-0.19368E 00 

0.I3279E00 

0.22000E02 

-0.28278E-01 

-0.17094E 00 

-0.1992IF. 00 

9.1 2726E00 

AVERAGE AND 

MAX. FLUX = 

0.32647E 00 

0.77029E 00 


128 



L0 

LI K0 K1 

ALFAO 

ALFA 1 

0.1200 0.0250 0.5650 

0.0360 

0.18550F.-02 

0.42000E-03 

NH 

B1N0 

BIN 1 NKO NKI 

FOO FO1 

0.10000E 01 

0.12580E 

01 0.19744E 

02 0.33512E 0! 0.I8690F. 

0.21 I75E 

01 0.47943E 00 




B4-1-5 

E(BR-CO) 


0.0 

-0.4328E-01 

-O.I8285E 00 

-0.22608E 00 

0.20385E00 

0.20000E01 

-0.I870IE-01 

0.41676F. 00 

0.39805E 00 

0.82798E00 

0.40000E01 

0.35730E-02 

0.60755E 00 

0.611 I2E 00 

0.10410E0I 

0.60000E01 

0.20805E-01 

0.32958E 00 

0.35039E 00 

0.78031E00 

0.80000E01 

0.321 30E-01 

-0.94142E-01 

-0.6201 2E-0I 

0.36791 E00 

0.10O00E02 

0.35526E-01 

-0.50559E-0I 

-0.15034E-01 

0.41489F.00 

0.12000E02 

0.29368E-0I 

-0.48434E-OI 

-0.1 9065E-01 

0.41086E00 

0.14000E02 

0.13777E-0I 

-0.93310E-0I 

-0.795 3 3 E-01 

0.35039E00 

0.16000E02 

0.50932E-04 

-0.1 5686E-00 

-O.I568IE 00 

0.27312E00 

0.18000E02 

-0.11430E-0I 

-0.19962E 00 

-0.21105E 00 

0.21 888E00 

0.20000E02 

-0.24489E-01 

-0.23420E 00 

-0.25869E 00 

0.1 7124E00 

0.22000E02 

-0.37833E-01 

-0.23791E 00 

-0.27574E 00 

0.I54I8E00 

AVERAGE AND MAX. FLUX = 

0.42993E 00 

0.I04I0E 01 

L0 

LI NO N1 

ALFAO 

ALFA 1 

0.1200 

0.0300 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 NKO NKI 

FOO FOl 

0.10000E 01 

0.13014E 

01 0.20425E 

02 0.33512E 01 0.18690E 

0.19787E 

01 0.448800E 00 




B4 

-1-6 

E(BR-CO) 


0.0 

-0.38790E-01 

-0.15984E 00 

-0.19863E 00 

0.19022E 00 

0.20000E01 

-0171 79E-01 

0.36001E 00 

0.34284E 00 

0.73168E 00 

0.40000EO 1 

0.29229E-02 

0.54152E 00 

0.54445E 00 

0.93330E 00 

0.60000E 01 

0.18595E-01 

0.30058E 00 

0.3191 8E 00 

0.70803E 00 

0.80000E 01 

0.28964E-01 

-0.73044E-01 

-0.44080E-01 

0.34477E 00 

0.10000E02 

0.32145E-0I 

-0.43241E-01 

-0.1 10960-01 

0.37775E 00 

0.12000E02 

0.26704E-01 

-0.44612E-01 

-0.17908E-01 

0.37094E 00 

0.14000E02 

0.12746E-01 

-0.86655E-01 

-0.73909E-01 

0.31494E00 

0.16000E02 

0.15508E-03 

-0.14444E 00 

-0.I4429E 00 

0.24456E 00 

0.18000E02 

-0.10409E-01 

-0.18190E 00 

-0.1923IE 00 

0.I9654E00 

0.20000E02 

-0.22202E-01 

-0.21060E 00 

-0.23280E 00 

0.15605E 00 

0.22000E02 

-0.34028E-01 

-0.21115E 00 

-0.24518E 00 

0.14367E 00 


AVERAGE AND MAX. FLUX = 0.38885E 00 0.93330E 00 
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L0 

LI KO 

K1 

ALFAO 

ALFA 1 

0.1200 

0.0150 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO BIN 1 NKO 

NKI 

FOO FO1 

0.10000E 

01 0.11 71 3E 

01 O.I8382E 

02 0.33512E 01 0.18690E 

0.24428E 

01 0.55309E 

00 




B4 

-1-3 E(BR-CO) 


0.0 

-0.55828E-01 

-0.24996E 00 

-0.30579E 00 

0.23929E00 

0.20000E 01 

-0.22813E-01 

0.58643E 00 

0.56362E 00 

0.1 I087E0I 

0.40000E 0! 

0.55536E-02 

0.79622F. 00 

0.80I77E 00 

0.1 3469E01 

0.60000E 01 

0.27103E-01 

0.40856E 00 

0.43566E 00 

0.98075E00 

0..80000E0I 

0.41041 E-01 

-0.I5994E 00 

-0.11890E 00 

0.42619E00 

0.10000E02 

0.44986F.-0! 

-0.71844E-01 

-0.26858E-01 

0.51 823E00 

0.12000E02 

0.36759E-01 

-0.58191 E-01 

-0 21431 E-01 

0.52365E00 

0.14000E02 

0.16526E-01 

-0.11052E 00 

-0.93994E-01 

0.45 IO9E00 

0.16000E02 

-0.26674E-03 

-0.1903IE 00 

-0.19058E 00 

O.3545OEO0 

0.18000E02 

-0.14237E-01 

-0.24892E 00 

-0.26316E 00 

O.28192E0O 

0.20000E02 

-0.30880E-01 

-0.301 50E 00 

-0.33238E 00 

0.21 270E00 

0.22000E02 

-0.48628E-01 

-0.3I535E 00 

-0.36398E 00 

0.1811OE 00 

AVERAGE AND MAX. FLUX = 1 

3.54508E 00 

0.13469E 01 


LO 

LI KO K1 

ALFAO 

ALFA 1 

0.1200 

0.0200 0.5650 0.0360 

0.18550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 NKO NKI 

FOO FOl 

O.IOOOOE 01 

0.22714E 

0.I2I47E 01 0.19063E 

01 0.5I429E 00 

B4-I-4 

02 0.33512E 01 0.I8690E 

E(BR-CO) 

0.0 

-0.48750E-01 

-0.21187E 00 

-0.26062E 00 

0.22008E 00 

0.20000EO 1 

-0.20545E-01 

0.48945E 00 

0.46890E 

0.94960E 00 

0.40000EOI 

0.44142E-02 

0.68995E 00 

0.69437E 00 

0.11 751E 01 

0.6000OE01 

0.23561E-01 

0.36484E 00 

0.3884IE 00 

0.8691 IE 00 

0.80000E01 

0.36053E-01 

-0.12177E 00 

-0.85720E-0I 

0.39498E 00 

0.10000E02 

0.39701 E-01 

-0.59755E-01 

-0.20055E-01 

0.46065E 00 

0.12000E02 

0.32643E-01 

-0.52928E-01 

-0.20285E-01 

0.46042E 00 

0.14000E02 

0.15018E-0I 

-0.10121E 00 

-0.86192E-01 

0.3945IE 00 

0.16000E02 

-0.83845E-04 

-0.1 7191E 00 

-0.I7199E 00 

0.30871 E 00 

0.18000E02 

-0.12681E-OI 

-0.22145E 00 

-0.2341 3E 00 

0.24657E 00 

0.20000E02 

-0.2731 3E-01 

-0.26365E 00 

-0.29096E 00 

0.18974W 00 

0.22000E02 

-0.42568E-01 

-0.27154E 00 

-0.3141 IE 00 

0.16659E 00 

AVERAGE AND 

MAX. FLUX = 

0.48070E 00 

0.1175'lE 01 


03 


03 
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LO 

FI K0 Kl 

ALFA0 

ALFA 1 

0.1200 

0.0050 0.5650 0.0360 

0.1 8550E-02 

0.42000E-03 

NH 

BIN0 

BIN 1 NK0 

NKI 

FOO FO1 

0.10000E 01 

0.10845E 

01 0.17021E 

02 0.33512E 01 0.I8690E 



0.28493E 01 


0.64512E 


B4-I-I 

E(BR--CO) 


0.0 

-0.78568E-01 

-0.38326E 00 

-0.46183E 00 

0.28267F00 

0.20000E 01 

-0.29339E-01 

0.92628E 00 

0.89694E 00 

0.16414F10 

0.40000F 01 

0.97233F.-02 

0.1 I462E 01 

0.1 I559E 01 

0.1 9004F.01 

0.60000E01 

0.38519E-0! 

0.53897E 00 

0.57749E 00 

0.1 3220F0I 

0.80000F01 

0.56654E-01 

-0.30755E-00 

-0.25090E 00 

0.49360E00 

0.10000F.02 

0.61291E-0! 

-0.1 1601E 00 

-0.54718E-01 

0.68978E00 

0.12000F 02 

0.49190E-01 

-0.71739F-0I 

-0.22549E-01 

0.72195F00 

0.14000E 02 

0.20588E-01 

-0.13244E-00 

-0.1 1185E 00 

0.63264F00 

0.16000F02 

-0.98192E-03 

-0.23987E 00 

-0.24085E 00 

0.503651.00 

0.18000E 02 

-0.1 8744E-01 

-0.33030E 00 

-0.34904E 00 

0.39546E00 

0.20000E 02 

-0.41680E-01 

-0.42238E 00 

-0.46406E 00 

0.28044FOO 

0.22000E 02 

-0.67826F.-01 

-0.46248E 00 

-0.53030E 00 

0.21420F00 

AVERAGE AND 

MAX. FLUX = 0.74450E 00 O.I9004E 01 


L0 

LI K0 Kl 

ALFAO 

ALFA 1 

0.1200 

0.0100 0.5650 0.0360 

0.1 8550E-02 

0.42000E-03 

NH 

BINO 

BIN 1 NKO NKI 

FOO FOI 

0.10000E 01 

0.26343E 

0.I1279E 01 0.I7702E 

01 0.59645E 00 

B4-I-2 

02 0.33512E 01 0.18690F. 

E(BR-CO) 

0.0 

-0.65267E-01 

-0.30292E 00 

-0.368 I9E 00 

0.26118E00 

0.20000E 01 

-0.25661 E-01 

0.72257E 00 

0.69691 E 00 

0.13263EOI 

0.40000E 01 

0.71888E-02 

0.93958E 00 

0.94676E 00 

0.15761 E01 

0.60000E 01 

0.31838E-01 

0.46432E 00 

0.496 1 5E 00 

0.11255E01 

0.80000E01 

0.47606E-01 

-0.21635E 00 

-0.I6875E 00 

0.46062E00 

0.10000E02 

0.51890E-01 

-0.8891OE-01 

-0.37020E-0I 

0.59235E00 

0.12000E02 

0.42077E-01 

-0.64356E-0I 

-0.22278E-0I 

0.60709E00 

0.14000E02 

0.18368E-01 

-0.12121E 00 

-0.I0284E 00 

0.52653E00 

0.16000E02 

-0.5346 IE-03 

-0.2I287E 00 

-0.2I340E 00 

0.41 597EOO 

0.18000E02 

-0.16208E-01 

-0.28422E 00 

-0.30043E 00 

0.32894E00 

0.20000E 02 

-0.35505E-0! 

-0.35197E 00 

-0.38748E 00 

0.24190F.00 

0.22000E02 

-0.56666E-01 

-0.37519E 00 

-0.431 85E 00 

0.19752E00 

AVERAGE AND 

MAX. FLUX = 

0.62937E 00 

0.I576IE 01 
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Svmboles; 


B4-4-10 


F(BR — CO) 


S; So li l h 
K; Fast 

BR; Bricks 
CO: Cork 
AS; Asbestos 
CR; Concrete 

Column, 

I 

0.0 

0 .20000i;0l 

0.400001:01 
0.600001:01 
0.80000i:0l 
0.1OOOOH 02 

0.120001:02 

0.14000i: 02 
0.16000F 02 
0.18000H 02 
0 .20000H 02 
0.22000H 02 


2 

-0.15232F.-01 
-0.1 6645F-01 
-0.101 17F-01 
-0.! 0085F.-02 
0.75088F-02 
0.1 34461-2-0 I 
0.15743F-01 
0.1 36 ] 612-01 
0.73693E-02 
0.66001 F-03 
-0.51414F-02 
-0.101 46F.-0 I 


3 

-0.85340F-0I 
-0.91643K-01 
0.974 1 9F.-01 
0.208771: 00 
0.168981: 00 
0.47552F-01 
-0.10165F-0I 
-0.39641F-01 
-0.62828F.-01 
-0.75923F-01 
-0.80735E-0I 
-0.8297212-01 


4 

-0.100573 00 
-0.10829I-: 00 
0.8 730212-01 
0.20 7 7 7 Li 00 
0.17649F 00 
0.60997F-01 
0.55784F-02 
-0.26025L-01 
-0.55459F-01 
-0.7526 312-01 
-0.85876F.-01 
-0.931 18F-01 


5 

0.1 1303K 00 
0.1053 IF 00 
0.30090FOO 
0.421 37F 00 
0.39009F 00 
0.27460F 00 
0.2 1918 E£ 00 
0.18757F 00 
0.1 58141200 
0.1 38341:00 
0.12772F, 00 
0.1 2048F.00 


AVERAGE AND MAX. FFUX = 0.2I360F 00 0.421 37F. 00 


Column, 

1 Daytime, hours, (0 Corresponds to 6 am) 

2 Dimensionless flux due-lo O ( ) 

cl 

3 Dimensionless flux due-to R, ( ) 

4 Dimensionless flux due-to O u + R, 

5 Total dimensionless heal flux due to steady stale and harmonic terms, 
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Sample output 

First Line 

LO LI KO KI ALFAO ALFA 1 

0.4800 0.0500 0.5650 0.0360 0.18550E-02 0.42000E-03 

L01 Thickness of out-door and in-door 
LI f layers, m 

KOI Thermal conductivities of first and 
Klf second layers, kcal/m h C. 

ALFAO Thermal diffusivities of first and 
ALFA1 second layers, m2/h. 

Second Line 

NH BIN0 BIN 1 NK0 NK1 FOO FOl 

0.10000E 010.4598 3E01 0.72168E020.33512E010.18690E030.15849E 000.3 58 85E-01 

NH Ratio of heat transfer coefficents, R h 

BIN0\ Biot number for first and 

BIN 1 J second layers, h r . L/K0 and h r .L/Kl 

NK01 Dimensionless relations, * h* r fyi k 2 > for first and 
NK1 J second layer 

FOO Fourier numbers for first and 
FO1 second layers 
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TABLES 


WALL MATERIALS AND 
DIMENSIONS 


ORIENTATION 


A1 - 1 — 1 to 

Flux distribution 


> 

1 

1 

OC 

for wall of bricks 

and cork 

L Cork ! Cm 


N,= 10 

L Brick 5-20(5) cm 


Rh=i 

Cork is placed on 



outdoor face. 

SOUTH 

0=0 

(A-1-1-1 to A1-1-4) 
Cork is placed on 
indoor face, 

(A 1-1 -5 to AI-1-8) 


A1-2-1 to 

1 

Same as above 


A 1-2-8 

except 



Asbestos for the 

insulating layer. 

SOUTH 

BI5-I to 

Flux distribution for 


BI5-4 

wall of bricks and 

gypsum 


o 

il 

Z 

L Gvpsium = 1 Cm 

SOUTH 

T =1 

1 h 1 

L B rick= 5 to 20(5) 


O r =0 

Gypsum is placed on 

the outer face. 


BI6-I to 

Same as above except 


BI6-4 

brick layer is changed 



by concrete. 

Gypsium is placed 

indoor. 

SOUTH 






TABLES 

WALL MATERIALS AND 

ORIENTATION 


DIMENSIONS 


B4-I-I lo 

Flux distribution 


B4-I-I0 

for wall of bricks 



and cork of 1 2 


N,= 10 

cm brick and 

EiAST 

R h =l 

0.5 to 5 (0.5) cm 

cork. 


0 r =O 

L Hnck= 1 2 cm 

L t „rk=0.5 to 5 


B4-2-1 to 

Same as above 


B4-2-10 

except 

L Hrick= 24cm 

FAST 

B4-3-1 to 

Same as above 


B4-3-10 

except 

L Brick = 36 cm 

EAST 

B4-4-1 to 

Same as above 


B4-1-10 

except 

EAST 

B5-I-1 to 

^ Brick = 48 

Flux distribution 


B5- !-1 0 

for wall of bricks 

and cork of 1 2 cm 

brick and 

SOUTH 

N,= 10 

0.5 to 5 (0.5) cm 



cork 


R h =i 

^brick = * 2cm 
L Cork= 0 - 5 t0 5 


B5-2-1 to 

Same as above 


B5-2-10 

except 

L Brick = 24 cm 

SOUTH 

B5-3-! to 

Same as above 


B5-3-10 

except 

L Brick = 36 Cm 

SOUTH 

B5-4-1 to 

Same as above 


B5-4-10 

except 

L Brick = 48 Cm 

SOUTH 
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APPENDIX D 


SOME COMPUTER RESULTS FOR INDOORS FLUX 
VARIATION WITH TIME 




MATERIAL 

10’k 

w/cm K 

9 

kg/m’ 

c 

kWs/kg c 

Asbestos (fiber) 

l.l 

470 

0.816 

Asbestos (sheet) 

1.163 

733 

0.816 

Asbestos (cement) 

9.18 

400 


Asbestos (board) 

1.55 

2447 

0.816 

Asphalt 

6.977 

21 10 

2.09 

Brick (building) 

6.569 

1523 

0.837 

Brick (face) 

12.98 

2082 

0.837 

Brick (masonry) 

2.67 

800 




1500 


Chalk 

9.30 

2000 

0.879 

Coal 

1.86 

1400 

1.306 

Concrete 

7.26 

1950 

0.837 

Concrete (reinforced) 

15.47 

2200 

0.838 

Concrete (sandgravelags) 

1.731 

2243 

0.879 

Cement (morler or plaster) 

7.217 

1858 

0.795 

Cork (plate) 

0.418 

177 

2.030 

Colton (fiber) 

0.375 

12-32 

1.298 

Fire brick 

1.395 

550 


Glass 

7.44 

2660 

0.67 

Glass fiber 

3.606 

64.07 

0.67 

Glass wool 

0.372 

200 

0.67 

Gypsum (board) 

4.326 

2500 

1.084 

Gypsum (plaster) 

8.077 

1682 

1.088 

Iron 

628 

7220 

0.502 

Marble 

0.130 

2700 

0.419 

Mica 

5.814 

290 

0.879 

Mineral wool 

0.465 

200 

0.921 

Wood (hard) 

1 586 

728 

2.386 

Wood (oak) 

1.627 

769 

2.09 

Porcelain 

10.4 

2400 

1.088 

Portland cement 

3.023 

1900 

1.130 

Refractory clay 

10.35 

1845 

1.088 

Rubber 

1.628 

1200 

1.381 

Sand (dry) 

3 256 

1500 

0.795 

Steel 

453 

7900 

0.461 
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APPENDIX C 

PROPERTIES OF SOME BUILDING AND INSULATING 

MATERIALS 



0001 SUBROTYINE EXPENS (Dl, D2, D3, D4, D5, D6) 

0002 COMMON / C / EEITA, ZITA, KABA 

0003 COMMON / D / NQAV, NQMAX 


ro 

Q 


o 

£ 
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0001 SUBROUTINE EXPENS (Dl, D2, D3, D4, D5, D6) 

0002 COMMON/ C / EEITA, ZITA, DABA 

0003 COMMON / D / NOAV, NQMAX 

0004 REAL NQAV, NQMAX, KABA 


> 

< 

a 

z 


m 

cvi 

UJ 


O 


rf 

Q 


o — 

is £ 
u u 


< 

> 
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< 
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o 


+ 

z 
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* 


< 

2 

< 

h- 


o 

z 

N 



+ 


* 



< 

H 

< 

H 


u3 

UJ 

UJ 

UJ 


+ 

+ 


rsi 
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a 

a 


* 

* 


i 



o 

u 

<N 



Q 

+ 

+ 




—J 

o 

G 
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* 

* 

SO 
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o 

Q 

£ 

£ 
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< 
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o 
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0001 SUBROUTINE EXPENS (Dl, D2, D3, D4, D5, D6) 

0002 COMMON/ C / EEITA, ZITA, DABA 

0003 COMMON / D / NOAV, NQMAX 

0004 REAL NQAV, NQMAX, KABA 


N O' 

+ z 


_ < < 

m j a u 

o Q < < 

I! II ^ 

o — II II 

^ m 
U U Q Q 


U Z 
0£ UJ 


in r-* oo on o 

o o o o o —< 

o o o o o o 

o o o o o o 
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0001 SUBROUTINE ECON (XT, XO, XI, J) 

0002 COMMON/A/ HR, CON, THTAO, RIO, THTARD, RAN, TC0, TCI, LENGTH 

0003 COMMON/B/ CW0, CW1, RW, RU, CIW0, CIWI, CD0, CD1, CU, LAMDAU 

* , CE, S, LOAD, TAMAX, TAMIN 
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0020 V6 = (V2 ‘ V2 + V1/BIN0) / (V3 * V3) 




0207 IF {SELECT, EQ. I) GO TO 716 

0208 IF (SELECT. EQ. 3) GO TO 716 

0209 IF (SELECT. EQ. 4) GO TO 716 
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0204 801 FORMAT (2X, ’ AVERAGE AND MAX. FLUX = \2E12.5) 

0205 715 CONTINUE 

0206 718 CONTINUE 
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0182 AQUS(IS) = QT1 + QR1 

0183 SIT(IS) = QT1 

0184 SIR (IS) = QRI 

0185 30 CONTINUE 




C TEST OF THE ANGLE FOR HARMONIC CASE 
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0161 T12 = AIMAG (F2) 

0162 T22 = REAL (F2) 

0163 TT2 = CABS (F2) 




0123 GI = PI * DELI 

0124 GO = PO * DELO 

0125 SHO = (CEXP (GO) - 1 ./(CEXP(GO))! 1 2, 
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0143 R22 = ZZZ2 / R2 

0144 FALL = ATAN (R1 1) 

0145 FAI2 = ATAN (R22) 




BINI * DELL) * BINO * CON) / RK 
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PO = CSQRT (7.A) / SQRT (FOO) 
Pi = CSQRT (ZA) / SQRT (FOL) 





S ALFAL ’,/, 4FI0.4, 2EI2.5) 

0083 WRITE (3,28) CON, BINO, BINI, NKO, NKI, FDO, FDI 
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0059 IF (SELECT. EQ. 4) GO TO 42 

0060 IF (SELECT. EQ. O) GO TO 41 

0061 RT = THICI 

0062 GO TO 42 
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0080 FOI = NKI/I BINI *BINI) 

0081 WPITE (3,2) THICO, THICI, TCO, TCI, ALFAD, ALFAL 

0082 2FORMAT (’ LO LI KO KL ALFAD 



0039 READ (1,707) LOAD, TAMAX, TAM1N 

0040 707 FORMAT (3F 10.4 

0041 708 FORMAT (2X,’LOAD KW/M2 =\FI0.4,/, 

* 2X, ’ MAX. AND MIN. AIR TEMP C =’, 2F10.4) 
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0020 ARIA (II) = RIA 

0020 ATHTAA (II) = THTAA 
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0037 704 FORMAT (3F10.4) 

0038 705 FORMAT (2X,’ UNIT COST LD/KW-M2 INSTALLED = \F10.4,/, 

1 2X, ’ELECTRICITY RATE LD/KWH M2 

2 2X, ’ MAINTENANCE RATE LD/KWH M2 = FI0.4) 



000! DIMENSION AR1A(50), ATHTAA (50), AQUS(50), QU(50), SIT(50), 

SIR(50), QT(50), QR(50), 

* RRA(30), RRB(30), TTA(30), TTB(30), QH(50) 

0002 PEAL NKO, NKL 
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READ (1,20) RIA, THTAA 
20 FORMAT (F10.7, 2X, F10.7) 




CARD Q (4F 10.4, 2E12.5) 


TH1CO 

1 () The thickness of the first layer 

m 

THICI 

! The thickness of the second layer 

m 

TCO 

k„ Thermal conductivity of the first layer 

kcal /m h c 

TCI 

k. Thermal conductivity of the indoor 



wall layer 

kcal/m h c 

ALFAO 

a Thermal diffusivity of outdoor layer 

m2/h 

ALFAL 

a. Thermal diffusivity of indoor layer 

m2/h 


CARD No. 10 (’.’) 


This card is for users to write any remark, these remarks is within 
60 letters, and will be printed out such as THIS CASE 
IS FOR CONCRETE AND GYPSUM 


CARD No. 11 (2X, 12) 


SELECT 


Optional, SELECT - O the outdoor layer will be divided into 4 equal 
parts and the heat flux is calculated for each case. 

SELECT-1 Same as above but for the indoor layer. 

SELECT - 3 No division of layers and the cost C T is calculated 
and printed out using average and max, heat fluxes. 

SELECT-4 Calculating the optimum wall thicknesses through 
SUBROUTINE EXPENS. Th3. 


N.B. The algrithm of the subroutine EXPENS is different than that presented in the 


texte. 













CARD No. 5 (3F 10.4) 


RW 

Annual fixed charges rate for wall 


RU 

Annual fixed charges rate for 



refrigeration units 


LAMDAU 

Capacity factor for the refrigeration units 



CARD No. 6 (3F 10.4) 


CU 

Unit capital cost 

D/kW 

CE 

Electricity rate 

D/kWh 

s 

Maintenance rate 

D/kWh 


CARD No. 7 (3F 10.4) 


LOAD 

Internal building load 

kW 

TAMAX 

Maximum outdoor air temp. 

C 

TAMIN 

Minimum outdoor air temp. 

C 


CARD No. 8 (6F 10.4) 


cwo 

Specific outdoor layer cost 

D/m3 

CWL 

Specific indoor layer cost 


CIWO 

Installation cost for the 



outdoor layer 

D/m2 

CIWL 

Installation cost for the 



indoor layer 

D/m2 

CDO 

Cost for decoration, outdoor 



layer 

D/m2 

CDL 

Cost for decoration, indoor 



layer 

D/m2 


N.B. The cost of installation and/or decoration are set zeros if they are included in 
the specific costs. (See page 58) 
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CARD 2 (4 F 10.4) 


CON N h Convection ratio h H /h r 

BIN N h| Biot Number for the case of one layer wall 

RAN N ( Radiation ratio- 

^r^a.mav ^a.min^ 

ALFA « Thermal diffusivity for the case of m 2 /h 

one layer wall 


N.B For two layers wall BIN and ALFA take the values for the first layer (0) 


CARD 3 (3 F 10.4) 


RIO B| C) the first term of the Fourier 

series for the incident heat flux 
TF1TAO 0 a () the first term of the Fourier series 
for the convective heat flux 


THTARO 


0 ro The dimensionless room temperature 


°r,« = <t r - 


min^ ! ^a.max t . ) 
iunm 


CARD 4 (F 10.7, 2X, F 10.7) 


RIA The constants for the radiant heat 

flux 23 terms series a, cos w-r + 
b, sin w -r. R [A are a,, a,. 

® 23 > b|, b,,. bjj. 

THTA The constants for the temperature 

heat flux, 23 terms series. C| cos 
W/r + d, sin w f. 

THTA is array of 46 terms c^ c, 

c 23> d |, d 2 >.d 23 


N.B. Card 4 is a 46 cards each card has two values for a i and c s to b,, and d ?! 
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COMPUTER PROGRAM 


The computer program is written in FORTRAN IV for the IBM 370 computer. The 
following items are covered in the program attached, 

1 - READ, check and edit the input data 

2 - Calculate the steady state heat flux, and check 

3 - Calculate and check the harmonic parts of the heat flux for n = l to 23 

4 - Optimum thickness of wall layers for two layers wall, with a procedure given in 

subroutine EXPENS, 

N.B. The theoretical analysis given in chapter 3 is a general one but the present code 
is written for two layers wall with the distance = 0 at the layers interface. 

Description of the input cards is given in the follow ing. 

COMPUTER CODE USERS MANUAL: 

The computer code is made in a master program form. The code operates according 
to the following flow of computation. 

1 - Read, check and edit the input data. 

2 - Calculation of the steadystate heat flux. N qav . Check. 

3 - Calculate and check the harmonic parts of the heat flux for n=l-23 

24 

4 - Calculate; N qav + £ N q (2nrrt) 

i 

5 - Optimum Economic Calculations. 



INPUT DATA CARDS 



CARDS I (2 F 10 4) 


HR 

h r Room heat transfer coefficient 

kcal /m 2 h C 

THICL 

The maximum limit for the wall (1 + 1,) 

m. 
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APPENDIX B 

COMPUTER PROGRAM 








OUTSIDE AIR REDUCED TEMPERATURE AND ITS 
FOURIER SERIES FACTORS 


n=k-1 

r 

<J 

a.c.n 

a.sji 

0 

5 am 

0.00 

0.5310417 

0.00 

1 

6 

0.147 

-0.1924190 

0 1321887 

2 

7 

0.313 

-0.0290246 

-0.0138200 


8 

0.465 

-0.0207577 

0.0044517 

4 

9 

0.610 

-0.0061875 

0.001 1186 

5 

10 

0.728 

-0.0069731 

0.0005496 

6 

11 

0.838 

-0.0028750 

0.0015000 

7 

12 N 

0.919 

-0.0017150 

0 00051 71 

8 

1 pm 

0.976 

-0.0012709 

0.0007578 

9 

2 

0.997 

-0.0010761 

-0.0007983 

10 

3 

1.00 

-0.0016005 

-0.0001801 

1 1 

4 

0.961 

-0.0013097 

-0.0007788 

12 

5 

0.897 

-0.0006250 

0.0 

13 

6 

0.796 

-0.0013097 

0.0007788 

14 

7 

0.667 

-0.0016005 

0.0001801 

15 

8 

0.556 

-0.0010761 

0.0007983 

16 

9 

0.467 

-0.0012709 

-0.0007578 

17 

10 

0.392 

-0 0017150 

-0.0005171 

18 

11 

0.327 

-0.0028750 

-0.0015000 

19 

12 mn 

0.258 

-0.0069731 

-0.0005496 

20 

1 am 

0.198 

-0.0061875 

-0.0011 186 

21 

2 

0.148 

-0.0207573 

-0.0044517 

22 

3 

0.072 

-0.0290246 

0.0138200 

23 

4 

0.012 

-0.1924190 

-0.1321887 
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RELATIVE INSOLATION ON EAST WALLS AND ITS 
FOURIER SERIES FACTORS 


II 

c 

T 

M[ 

Rt,n 

M„. n 

0 

5 am 

000 

0.22408 


1 

6 

0.696 

0.0583295 

0.1756665 

2 

7 

0.974 

-0.0758324 

0.0986072 

3 

8 

1.00 

-0.0831638 

-0.0047481 

4 

9 

0.904 

-0.0218750 

-0.0268468 

6 

11 

0.435 

-0.0152500 

-0.0172500 

7 

12 N 

0.130 

00030635 

-0.0222032 

8 

1 pm 

0.122 

0.0069585 

-0.0082376 

9 

2 

0.109 

0 0041638 

-0.0077461 

10 

3 

0.096 

0.0093824 

-0.0093572 

11 

4 

0.078 

0.0109689 

-0.0006342 

12 

5 ' 

0.065 

0.0077500 

0.0 

13 

6 

0.039 

0.0109889 

0.0006342 

14 

7 

0.00 

0 0093824 

0.0093572 

15 

8 

0.00 

0 0041638 

0.0077461 

16 

9 

0.00 

0.0069983 

0.0092376 

17 

10 

0.00 

0.0030835 

0.0222032 

18 

11 

0.00 

-00152500 

0.0172500 

19 

12 MN 

0.00 

-0.0128620 

0.0110039 

20 

1 am 

0.00 

-0.0218750 

0.0268468 

21 

2 

0.00 

-0.0831638 

0.0047481 

22 

3 

0.00 

-0.0756324 

-0.0986072 

23 

4 

0.00 

0.0583295 

-0.1736665 
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RELATIVE INSOLATION ON ROOFS AND SOUTH 
WALLS AND ITS FOURIER SERIES FACTORS 


n = k-1 

T 

R , 

R U\n 

R ,.s.n 

0 

5 am 

0.00 

0.311808 


1 

6 

0.0551 

-0.0633550 

0.2364439 

2 

7 

0.2331 

-0.091236 

-0.0529560 

3 

8 

0.4619 

0.0043617 

-0043617 

4 

9 

0.6780 

-0.0075917 

-0.0131492 

5 

10 

0.8517 

0.0009617 

-0.0002577 

6 

1 1 

0.9619 

0.0 

-0.0045917 

7 

12 N 

1.00 

-0.0001079 

-0.0000289 

8 

1 pm 

0.9619 

0.0008833 

-0.0015300 

9 

2 

0.8517 

-0.0001284 

-0.0001284 

10 

3 

0.6780 

0.0006236 

-0.0003600 

1 1 

4 

0.4619 

-0.0000071 

-0.0000265 

12 

5 

0.2331 

0.0003583 

0.0 

13 

6 

0.0551 

-0.000071 

0.0000265 

14 

7 

0.0 

0.0000230 

0.0003600 

15 

8 

0.0 

-0.0001284 

0.0001284 

16 

9 

0.0 

0.0008833 

0.001 5300 

17 

10 

0.0 

-0.0001079 

0.000289 

18 

1 1 

0.0 

0.0 

0.0045917 

19 

12 mn 

0.0 

0.009617 

0.0002577 

20 

1 am 

0.0 

-0.0075917 

0.0131492 

21 

2 

0.0 

0.0043617 

0.0043617 

23 

3 

0.0 

-0.0917236 

0.0529566 

24 

4 

0.0 

-0.0633550 

-0.2364439 
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APPENDIX A 


REDUCED AVERAGE METEOROLOGICAL DATA 

FOR 

SUMMER MONTHS 




THERMAL BEHAVIOUR 
OF BUILDINGS 


ITS DETERMINATION AND ECONOMICS 


Kamal-Eldin Hassan 
Centre for Solar Energy Studies 

and 

Galal M. Zaki 
Al-Fateh University 


APPENDICES 



max maximum 
min minimum 
o outside surface 
q heat flux 
r room 

running cost 
sin sine 

U refrigeration/air conditioning unit 

T total 

w wall or building component 
temperature 
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P real part (Chapter 2) 

period of operation (Chapter 4), h/y ' 

P total power, kW 

p defined by eqn (2.20) 

Q imaginary part (Chapter 2) 

total flux (Chapter 4), W 
q flux density, W/m2 

ifctio 

r modulus of function F 

S defined by eqn (1.21) 

S defined by eqn (3.33) 

s Laplace variable 

T dimensionless time 

T defined by eqn (3.34) 

t temperature, K 

X dimensionless distance 

x coordinate distance, m 

w room water equivalent, J/K 

Z Lagrange multiplier 

a thermal diflusivity, m2/s 

y defined by eqn (2.29) 

C emissivity, dimensionless 

9 reduced temperature 

^ utilization factor, dimensionless 

density, kg/m3 
T time, s 

^ argument of function F 

'P time lag, rad. 

SUPERSCRIPTS 
— vector (Chapter 1) 

Laplace transformed function (Chapters 2 and 3) total (Chapters 4 and 5) 
* optimum 

« per unit area 

SUBSCRIPTS 

a outside air 

av average 

B building 

C cooling 

c conductive 

cos cosine 

cy cycle 

e electric energy 

H heating 

I Insolation 

building component 
i internal 

inside surface 

j general layer number 

M model 
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Z 3 2 2 


NOMENCLATURE 


SYMBOLS 

A surface area, m 2 

integration constant, dimensionless 
A defined by eqn (4.8) 

a defined on p. 58 31 

a defined on p. 74 

B integration constant, dimensionless 

defined by eqn (4.7) 
b defined on p. 58 

C annual cost, D/m 2 y 

c specific heat, J/kg K 

unit cost 

C total cost per unit area, D/m 2 

defined by eqn (4.11) 

E total annual energy 

F defined by eqn (2.21) 

F annual fixed charge rate, y _l 

0 defined by eqn (4.14) 

H transfer function 

h heat transfer coefficient, W/m 2 K 

I insolation, W/m 2 

i imaginary unit 

K constant of proportionality 

K defined by eqn (3.29) 

k thermal conductivity, W/m K 

L reference length, m 

L defined by eqn (3.30) 

1 length ,m 

integer 

defined by eqn (3.3!) 
number of wall layers 
dimensionless group 
dimensionless unit normal 
N defined by eqn (3.32) 

n integer, 1,2,3,... 

unit normal 
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REFERENCES AND NOMENCLATURE 




However, the question is: To what extent would neglecting the peak load affect the 
optimization process? In other words; would the inclusion of q p shift the optimum wall 
dimensions to an extent that would considerably change the total annual cost? These 
questions are answered in the present case by the uppermost curve in Fig 5.1 where the 
term O q p of eqn (4.7) is included in the total annual cost represented by this uppermost 
curve. This curve gives an optimum concrete slab thickness I* [=0.12 m which is quite 
different from the value obtained earlier through the use of eqn (4.13). However, the 
curve being flat in this region of optimality, the new dimensions affect the total annual 
cost by a very small amount as could be seen from the following table 

Optimum value obtained from eqn (4.7) eqn (4.13) 



m 

0.12 

0.17 

^ max 

W/m2 

24.799 

29.762 


W / m 2 

16.156 

19.078 

C w 

D/rrCy 

4.695 

4.057 

Cr 

D / m2y 

2.480 

2.976 

c r 

D / m2y 

1.415 

1.671 

c T 

D/m2y 

8.590 

8.704 


The difference between the two values of the total annual cost as given in the table is 
about 1.3 percent which is negligible. Indeed, this percentage would be even much less if 
the internal load is taken into consideration. It may be concluded, therefore, that the 
procedure recommended in Section 4.7 is ample for optimization. 

5.6 CONCLUSIONS 

In this chapter, an example of optimizing the wall, machinery and energy con¬ 
sumption for a cold store is solved. The example is purposely simple to lucidate the 
optimization procedure. It is shown that the simplified procedure suggested in Chapter 4 
is, indeed, ample in this case. 
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Calculations showed that q p = 10.7 W/m2. Therefore, the total conductive flux 
density = 30.8 W/mf The total conductive flux is, therefore 

Q c = 30.8 x 765 / 1000 S 23.6 kW 

The refrigeration unit must meet this conductive load plus the internal load specified 
(Qj = 100kW)i ; this adds up to a maximum load of 123.6 kW. With the specified 
utilization factor ^ Ll =0.85, the unit capacity should be 

P - 123.6 / 0.85 = 145 kW 

The total unit cost is, therefore 

C L , = 145 x 425 = 61625 D 

5.4.3 OPERA TING COST 

This is an annual cost and could be calculated from eqn (4.5) as 
C r = 8760 c e q av 

= 8760 x 0.01 x 19.08 / 1000 = 1.671 D/m2 V 
For the whole wall area, the operating cost is 

C r = 1.671 x 765 £ 1280 D/y 

5.4.4 OVERALL ANNUAL COST 

The overall annual cost for this wall, refrigeration unit, and electric consumption is 
given by 


c T = f w c w + f l , q, + c r 

= 0.15 x 20695 + 0.2 x 61625 + 1280 D/y 
= 16710 

5.5 EFFECT OF PEAK LOAD 

The value calculated above should be compared with that calculated without the 
internal or peak loads, namely 

C T = 7.64 x 765 3 5845 D/y 

The sizable difference of 10865 D/y is due to the extra cost of equipment to cover the 
peak and internal loads, the latter is quite large. Even if the internal load is nil, the 
difference would still be about 1100 D/y which is still considerable. 
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Therefore, I*, = (k| / h 0 )(h o 1*, / k,) = (1.4/15)(h 0 P t / k,) 

= 0.725 m or 0.1678 m 
For the present case to have 1*, within 0.3 m choose 
P, = 0.1678 m = 17cm of concrete slab 

Therefore 1 *, = 13cm of lightweight concrete 

This value of P, could also be obtained from eqn (4.26) 

5.3.4 MEA N/NG OF SOLUTION 

The meaning of this solution could be explained from the basic relations which are 
shown graphically in Fig. 5.1. In this figure the annual costs are calculated for various 
thicknesses of the wall layers. It shows the annual cost C w of the wall as calculated from 
wqns (4.1 and 2); that of the unit, C L , is calculated from eqn (4.4); of energy con¬ 
sumption, C r from eqn (4.5); and their sum, the total annual cost C T . To calculate C L 
and C r , the average heat flux is calculated from eqn (3.48). 

Whereas C w decreases monotonely as I, increases, C L and C r increase monotonely 
with the increase in q av . This results in C T having a minimum value at l ( = 16.78 cm as 
calculated. 

5.4 CALCULATIONS OF COSTS 

For the optimum wall with 1 ( = 17 cm and 1, =13 cm, the costs are as follows 
5.4.1 WALL COST 

This could be obtained from eqn (4.1) for a unit wall area as 

c w = + a, + a 2 + b, 1, + b, I, 

= 3 + 1.5 + 4 + (25 x 0.17) + (110 x 0.13) 

= 27.050 D/m2 

The total cost of the whole wall of area 765 m2 is 

C; = 27.050 x 765 20695 D 


5.4.2 RE FRIG ERA TION UN IT COST 

The average heat flux is calculated from eqn (3.38) as 

q av = h r t[R h (B a - 6 r ) + N, R [av ] / 

[ 1 + R h + (h 0 I, / k,) + (h 0 l 2 /k,)] 

5x15 [3(0.531 - 0) + (6 x 0.312)) 

1+3 + 15 [(0.17/1.4) + (0.13/0.25)] 

= 19.08 W/m2 
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D/m 





Refrigeration system overall cost c LI - 425 D/kW 

Energy cost c e = 0.01 D/kW h 

Fixed charge rates 

For buildings F w = 1 5% 

For machinery F L = 20% 

Utilization factor for refrigeration equipment A = 85% 

5.3.3 CALCULA TIONS 

The thermal resistance of the covering paints and plaster will be neglected. Further, 
the term O q p in eqn (4.7) is also neglected; its effect is checked at the end of the 
calculations. The present is a general case of a two-layer component where eqns (4.25 
and 26) should be used. The variables used in these equations are 


A = F w ( a + a, + a,) (4-8) 

= 0.15 (3 + 1.5 + 4) = 1.275 D/m2 y 
b, = b,/A = 25/ 1.275 = 19.608 y/m 
b 2 = b 2 /A = 110/1.275 = 86.275 y/m 
B = [(F u cj X v ) + 8760 cj / A (4.10) 

- [(0.2 x 425 / 0.85) + 8760 x 0 01] / 1.275 
= 147.137 m2/kW 
= 0.147137 m2/W 

G = Bh r At[R h (0 aav - 0 r ) + N,R Iav ] < 4 - 14 > 

= 0.147137 x 5 x 15 [3(0.531 - 0) + 6 x 0.312] 

= 38.237 


For calculations, eqn (4.25) is used; it gives 

h o l*i / k| = V Gh 0 k 2 / F w k, (b, - b 2 ) (k 2 - k,) 
+ k 2 [R h + (h c L /k 2 ) + 1]/ (k, - k 2 ) 


38.237 x 15 x 0.25 


0.15 x 1.4 (19.608 - 86.275X0.25 - 1.4) 


+ [0.25/ (1.4 - 0.25)] { 3 + [(15 x 0.3) / 0.25] + 1 } 

h 0 1*, / k, = 2.9843 + 4.7826 

= 7.7669 or 1.7983 
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5.3 SOLUTION 


To determine the optimum dimensions of the above 
should be determined either from tables, experience and 
finance rates, etc. or any other available source. The 
obtained. 


wall, the various parameters 
existing conditions of prices, 
following values were thus 


5.3.1 DESIGN CONDITIONS 


^ * ^a, max '■a, min ^0 5 

0 r = <*r - W /At = 0 


15 


Heat transfer foefTicients 

Indoors h r = 5 W/m 2 
Outdoors h e = 15 W/m.2 
Therefore R h = 3 
Insolation parameter, from eqn (1,9) 


N, = C l max / h r At 

= 0.75 x 600 / (5 x 15) = 6 


Assuming the values of Appendix A are applicable throughout the year, the average 
reduced air temperature, 0 aco in Table A.l 

© = 0 531 

Average relative insolation, R lco in Table A.2 
R ,.av = 0 312 

Thermal conductivies of wall materials, from Appendix C. 

Concrete slab 

Lightweight concrete blocks 
5.3.2 PRICES AND FINANCING 
General expenses including paint, etc. 

Concrete slab installation and price 

Lightweight concrete block installation and price 


k, = 1.4 W/mK 
k 2 = 0.25 W/m K 

a =3 D/m2 
a, = 1.5 D/m 2 
bj = 25 D/m3 


a 2 = 4 D/m 2 
b 2 = 110 D/m2 
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5.1 INTRODUCTION 


The analysis of Chapter 4 is put to work in an example in this chapter; it is a simple 
one to focus on the principles of economic analysis. Naturally, before such an analysis, 
the various loads other than those to be optimized have to be determined by methods 
adequately described in refrigeration and air conditioning literature. Of particular interest 
here are those of ASHRAE [1], IHVE [2] and the many text books available of which 
Threlkeld’s [3] is of general nature and many others, of which Harris and Conde [22] is 
an example, are rather specific. 

The load analysis starts by fixing the outside design conditions of location: dry- and 
wet-bulb temperatures, etc. The inside design conditions should also be determined; they 
include also dry-and wet-bulb temperatures, occupancy, internal electric load, type and 
orientations of doors and windows, type of activity, etc. 

When the above conditions are determined, further loads are calculated such as 
ventilation, infilteration, etc. All the above loads, which exclude those through the 
building components to be optimized, are added for use in the analysis as described 
hereafter. 

5.2 STATEMENT OF PROBLEM 


It is required to calculate the optimum thickness and costs for the single exposed wall 
of a cold store in the northern hemisphere with the following design conditions given as 


annual mean values 

Outside maximum dry-bulb temperature 20»C 

Outside minimum dry-bulb temperature 5oC 

Maximum outside solar intensity 600 W/m* 

Inside dry-bulb temperature 5°C 


The south facade of area 765 m 2 has no windows and is exposed to the atmosphere. 
All other walls, ceiling and floor are surounded by refrigerated spaces at the same 
temperature as the one considered and use separate refrigeration units. The total load 
due to the cold store contents (vegetables, etc.) was estimated at 100 kW and is prac¬ 
tically constant. 

The exposed wall is to be built of precast concrete slabs and insulated on the inside by 
lightweight concrete blocks. The outside wall surface is to be treated with a paint of 
emissivity 0.75, and the total wall thickness should be 30 cm. 




Chapter 5 


ECONOMICS EXAMPLE 




4.8 CONCLUSIONS 


The economic problem of optimizing the total cost of a building component, 
refrigeration/air conditioning unit and energy consumption was discussed in this 
chapter. The various costs are analyzed, divided into groups and their total optimized, 
simplified optimization procedure is suggested whereby computer calculations would 
reduced to a minimum. 
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4.7.1 SELECTION PROCEDURE 

With all the factors discussed above in mind, the following procedure for the 
economic selection of the components of a given building is recommended for most 
cases 

1 — Determine all loads other than those to be optimized as functions of time. Those 

could be lumped as Q { kW. 

2 — Decide on the constructions and materials to be used for each of the components 

to be optimized. 

3 — Calculate the optimum dimensions using eqn (4.13). 

4 — Using the method described in Chapters 2 and 3, determine the time variation of 

the flux density for the components optimized above. 

5 — Multiply each of the flux densities thus determined by their respective areas and 

add to obtain the time variation of the total conductive load Q c . 

6 — Determine the time variation of Q = Q c + Q i( from which calculate Q av and Q p . 

4.7.2 COSTS CALCULA TIONS 

It is recommended to determine the various costs as follows: 

1 — Calculate the equipment size P from 


2 — 


P - Qmax/ X U 

“ [ ^av + Qp^i + ^ ] (fl av + A*p\A| ]/ A 

Here A ( is the surface area of component I. 

Calculate the total annual energy consumption E from 

E = 8760 Q av 

= 8760 [Q„,+ Y. ‘I'.vaA, ] 


3 — Calculate the components cost C w from eqn (4.1)as 

M 

Cw = Z [ * + £ < aj + b, i*p ] , A, D 
1 

4 — Calculate the air conditioning unit cost Cy from eqn (4.3) as 


C-u _ c u p D 

5 — Determine the total annual operating cost as 

C r = c e E D/y 

6 — The overall annual cost is calculated from 

C t =F w C w + F u C u + C r 


(4.27) 


(4.28) 


(4.29) 


(4.30) 

(4.31) 

(4.32) 
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*(L.E) 

*h 

d (L.E) 

dh 

a (l.e) 


= F w b l 


= F w b 2 - 


Gh 0 / k, 


[ i +R h +(h 0 r,/k 1 )+(h 0 i* 2 /k 2 )] 2 

_ £ b o / k 2 _ 

[l+Rh+ChJ'./k,) + (h o r 2 /k 2 )J : 


+Z - 0 


+ Z = o 


(4.22) 


(4.23) 


dZ 


= 1*1 + 1*2 - L = 0 


(4.24) 

Subtracting eqn (4.23) from eqn (4.22) and substituting from eqn (4.24) gives 

k. 


h 


o J I 


h 


Gh 0 k 2 


F w k, (bj-bjXkj-k,) k r k 2 


«♦') 


(4.25) 


In the above two equations, the radical would be imaginary if either b 2 )> b, or 
k, y k 2 . Such would be a case where the better insulator is cheaper and there would be 
no need, economically, to use the more expensive bad insulator. Conceivably, there are 
situations where such a materia! must be used because of other special properties. In a 
situation of this sort, the least thickness that could be used should be installed. 

Further, the radical may yield a positive value or a negative one. Either should be 
used to satisfy the constraints, or to merely have a positive layer thickness. 

It should be possible to extend the above procedure without much difficulty to more 
than two layers. However, it should be born in mind that the above derivations, eqn 
(4.13) and the following ones, are only for the cases where neglecting the term O pp of 
eqn (4.7) would not affect the final result appreciably, which seems to be true in most 
cases. 


4.7 SELECTION PROCEDURE AND EQUIPMENT SIZING 

In the previous parts of this chapter, the economic discussion was restricted to a unit 
area of a single building component: a roof, a wall of certain orientation, etc. A building 
is, of course, a multi-component structure that have windows, doors, etc., together with 
the main structural components. However; important as the windows, skylights, etc. are 
as energy transmitting areas, they are not considered in the present analysis and may be 
optimized separately. Their effect should be included in, say, the internal load q, which 
does not enter the optimization process but may considerably affect the final cost. 

Further, the value of q p is in some cases as large as q av . This affects the total cost 
considerably although, in most cases, its effect on the economic choice is negligible. This 
is due to the fact that the ratio N qmax /N qav varies only slightly for most building 
materials combinations as could be seen from the tables of Appendix. 
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for R h + h Q ^ (L k /k k )=5. Two sets of curves are drawn for the fixed charge rate 

parameter F w b k / h 0 = 0.2 and 0.6. The loci of the optimum conditions are also shown; 
they are straight lines. As expected and could be seen from the figure, the higher the 
value of the fixed charge rate parameter, the thicker the optimum layer is, and the more 
expensive it becomes. The curves within a set differ in the value of the cost parameter G 
which has the same effect on the total annual cost and optimum thickness as the fixed 
charge rate parameter. 

Relation (4.17) is satisfied for some cases where F w b k / h 0 = 0.6; it shows that the 
minimum feasible component thickness should be used if G < 21.6. 


4.6.3 GENERA L TWO-LA YER COMPONENTS 

This is the case where the two layers are to be optimized. In this case, eqn (4.16) gives 


k i 



b i 



- R h - 1 


K 1*2 _ / Gh 0 

k 2 ~ V F w k 2 b 2 


h 0 1*. 

k i 


- R, 


1 


A direct solution of the above two equations gives the trivial condition k, b, = k, b 2 
which means that the cost per unit volume of the material should be inversely pro¬ 
portional to its thermal conductivity. 

To solve such a case there should be a constraint and it would be more perspicuous 
to use the method of Lagrange multipliers [20], This is carried out by developing 
Lagrange expression which consists of the objective function, in this case eqn (4.13), plus 
the products of Lagrangean multipliers and the constraints in the form of equations set 
equal to zero. Optimization is carried out in this method by differentiating partially this 
Lagrange expression with respect to the variables to be optimized and the Lagrange 
multipliers. The resulting expressions are equated to zero and solved simultanueously to 
obtain the optimum values. 

In the present case, a hypothetical condition is set by fixing the overall thickness of 
the component as L. The constraint would thus be 

'i + I 2 = l (4.20) 

Denoting Lagrange multiplier by Z, Lagrange expression would be, from eqns (4.13 
and 20) 


L.E. = 1 + F w (b, 1, + b 2 I 2 ) + 


1 + Rh + h °[~r + ir' 

L k, k 2 J 

+ Z(1,+1 2 -L) (421) 


Partial differentiation gives 
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could then be carried directly by the normal procedure of setting the partial derivatives 
of the objective function with respect to each variable, the l;’s, equal to zero and then 
solving the resulting equations simultanueously. Such would be n equations as follows 


a 

*1 

.1 



= F w b j 


Gh 0 / k, 


j=i j - 


.= o 


(4.15) 


The superscript * denotes optimal conditions, Equation (4.15) gives P, from 


= pee 

k ; V F,„ k, 


w “i 


m 

' E 

j=> 

=i 


-R h - 1 


(4.16) 


This, again, is a dimensionless relation. The optimum thicknesses could be obtained 
by the simultanueous solution of the n equations represented by eqn (4.16). 

It should be noted that in some cases where 0 r )> 8 a , the quantity G would be 
negative. In this case there would be not need for summer air conditioning. Indeed, this 
is expressed by the fact that the radical in eqn (4.16) would have an imaginary value. 


Further, IT < 0 if 


1 -Gh- m 

J F k”b s h ° E 

j=i 

j=i 

(4.17) 

The meaning of such a situation is that, economically, the building component is 
better off without this layer «j» at the position designated. 

In the following, some special cases are discussed. 

4.6.1 SINGLE-LA YER COMPONENTS 


In this case eqn (4.16) becomes 


r-r* 

k V F w k b 

(4.18) 


If in this case the condition given by (4.17) is satisfied, the meaning is that the costs of 
energy and equipment are very small relative to those of the component that the least 
thickness structurally feasible should be used. 

4.6.2 FIXED MULTI-LA YER COMPONENT WITH ONE LA YER 
TO BE OPTIMIZED 

This is the case where the thicknesses of the main layers, say k = 1, 2,... are fixed 
with thicknesses L k and a single layer of thickness 1 is to be optimized. In this case, eqn 
(4.16) becomes 
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factors other than those of thermal behaviour such as strength, code requirements, etc. 
This leaves the thicknesses of usually no more than two layers to be optimized. Indeed, 
the study could be repeated for various combinations of materials; the one that gives the 
least total annual cost should, of course, be chosen. In most cases, however, the material 
combinations that could be used would be very limited because of other factors such as 
temperature and humidity levels, type of atmosphere, etc. 

A further difficulty is in evaluating q p as this entails a knowledge of the instant of 
the maximum total load on the refrigeration/air conditioning equipment. This instant 
depends on the time variations of the internal load and of the conductive loads from the 
various components of the building. The variations of the latters with time depend on 
the constructions used and should, therefore, enter into the optimization process itself. 
Under these conditions, the simplest procedure seems to be a trial-and-error one. In this 
procedure, various dimensions for each of the components are considered. For each of 
these, the values of q max and q av are determined. For the first trial, the starting values of 
the q p ’s could be taken for each component as q p = q max - a av . The values of q uv and q p 
thus obtained would be used in eqn (4.7) to determine the total annual costs for the 
alternative dimensions of each component. The optimum dimensions are the ones that 
give the least annual cost for each component. The time variation of the total flux from 
the internal load and all the components could then be obtained. The contribution of 
each component to the overall maximum flux could then be determined and used to 
obtain new values of the q p ’s for the next trial. Trials are repeated until the solution 
stabilizes. 

4.6 SIMPLIFIED OPTIMIZATION PROCESS 

The procedure described above is obviously quite lengthy. Fortunately, in most cases, 
the last term in eqn (4.7) that contains q p does not affect the optimization process to any 
appreciable extent In such cases, this term could be neglected and optimization would be 
for the objective functions as given by 

n 

C,/ A = 1 + F w £ b i lj + B q av 

i-i 

Here q could be obtained directly from eqn (3.48) and the above equation becomes 

<VA = 1 + F W £ b,i i+ --— Try- (413 > 

i=i i + + h o 

. 1-1 ' 

where G = Bh r At[R h (B ao - e r ) + N ( R lav ] (4 I4) 

This function is dimensionless and depends on the various costs. 

The above form, eqn (4.13), simplifies the process on the computer considerably such 
that all the calculations could be carried out in a minimal time. The optimization process 


1. Had this value been a time function, the procedure recommended in Section 4 7 ! and 2 would 
have been followed. 
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4.4 TOTAL ANNUAL COST 

The total annual cost is the sum of the above annual costs, i.e., 

C t ~ c w + Cy + C r D/m 2 y (4 6) 

This is the objective function to be minimized to obtain the optimum choice of wall 
construction and refrigeration/air conditioning equipment. The total cost as given above 
may better be expressed in dimensionless form as 

n 

C T / A = 1 + F w ^2 b i /j + Bc lav + 0 % (4.7) 

i= 1 

The symbols in the above relation are 


m m 

A = F wU + j^ a i + 2 

j=l k=n*l 

b k i k ] D/m 2 y 

(4.8) 

bj = b,/A 

y/m 

(4.9) 

B = [(Fu c v / X v ) + 8760 cj /A 

m 2 /kW 

(4.10) 

0 = F u c u/A k u 

m 2 /kW 

(4.11) 

flp — ^max ^av 

kW/m 2 

(4.12) 


q p is the flux density at time of peak load on the refrigeration/air conditioning unit. 

The subscript i indicates layers to be optimized, while subscript k denotes layers of 
predetermined thicknesses. 

Where two separate units for heating and cooling are to be used, eqns (4.9 and 10) 
may be modified according to eqns (4.3a, 4a and 5a). 

4.5 OPTIMIZATION PROCESS 

Theoretically, one should be able to express the total annual cost as a function of the 
controllable variables, mainly materials properties and thicknesses. Optimization could 
then be obtained by the partial differentiation of the total annual cost with respect to 
these variables and equating to zero [19,20], Unfortunately, this is practically impossible, 
not only the physical properties could not be separated and/or functionally related to the 
cost, but also because relations between properties and dimensions on one hand and the 
flux variation with time on the other hand are very complex. Further, the dimensions of 
the important building and insulating materials (stones, bricks, cork board, etc.) are 
standardized and, hence, it is not always practical to set the cost as a continuous function 
of the layers’ thicknesses. 

The economic analysis could be made for simple or composite components. In the 
general case of multi-layer components, the method suggested is to start by choosing the 
thicknesses of the main and finishing layers. The materials used for such layers are 
usually of standardized dimensions and the choice of the thicknesses is governed by 
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a function of the total capacity and, within a range under consideration, this function is 
virtually linear. Hence the first cost of the refrigeration/air conditioning unit and its 
auxiliaries per unit area of the building component could be given by 

C u = c u ‘Ima*/ x u D/m2 (4 3) 

Here c y is the cost of equipment per unit capacity in D/kW, 

fimax - (fic + <?i) m ax kW/m 2 

X (j is the utilization factor = maximum load / capacity 
The fixed charge rate Fy for the regrigeration/air conditioning unit could be de¬ 
termined. Generally it is not the same as F w since the equipment life, insurance, etc. may 
not be the same as those of the building components. The fixed annual cost of the unit(s), 
auxiliaries, etc. would be 

Cu = Fy Cy = Fy Cy qmax / ^ u D m y (4.4) 

4.3.2 RUNNING COST 

This cost usually accounts for a large fraction of the total cost. It includes the cost of 
energy together with costs of maintenance, wages of machine room operator^), etc. The 
running cost depends on the service to which the equipment is subjected and, hence, 
usually taken as proportional to the energy consumption This energy could be calculated 
as the product of the average energy by the number of hours in a year (8760 h/y) and 
prorated to a unit area of the building component. Again, the average nergy is the sum of 
conductive and internal parts that could be determined as outlined before. If this average 
is q av =(q c +qj) av in kW/m 2 , and the overall cost is c e (D/kW hj, the total running cost 
would be 


C r = 8760 c e q av D/m 2 y (4.5) 

It should be noted that c e includes not only the unit energy price, but also the other 
running expenses prorated to a kW h. 

In certain cases, one may have to use separate units for heating and cooling, rather 
than a single air conditioning unit (heat pump). In such a case one would have to 
consider each season separately and calculate the various costs as the sums of two parts. 
Thus eqn (4.3) becomes 

= ^U,H + ^U.C ~ Cu - H ^H.max/ ^ U.H + C U,C ^C.max 


' u,c 


(4.3a) 


Also, eqn (4.4) becomes 


r = F C + F C 

U * U,H‘ V 'U,H U,C U,C 

Similarly, eqn (4.5) would be replaced by 

= ( C e,H Qav.H^ + ^ C e,C Qav.C 3 


(4.4a) 


(4.5a) 


In the above relations P stands for period of operation in hours per year, and 
subscripts H and C stand for heating and cooling units, respectively. 
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2 —Expenses that depend purely on area and type of construction such as mortar, 

adhesives to be used with some insulating materials, etc. To these one may add the 
overhead charges. The sum of these costs per unit wall area will be denoted by, a, in 

D /m2. 

3 —costs that depend on the type of material used, but not its size or weight. Such costs 

are those of special handling, transportation, storage, etc. The sum of these costs for 
material j are denoted by a-, in D/m2. 

4 —Costs that are specific to the material used and proportional to its volume or weight. 

Examples are the cost of material itself, part of its packing, transportation, storage 
and handling, etc. The aggregate of such costs per unit volume of material j is 
denoted by bj, D/mt. 

Summing up the above, the total cost per unit area of a composite wall of m layers 
would be given by 

m 

C w = a + £(a ) + bj ip D/m 2 (4.1) 

j=l 

Here, as before, (^ is the thickness of layer j. 

Since in this analysis,comparison is of the total annual cost, the fixed annual cost 
per unit area should be determined; it may be calculated as a fraction F per year, the 
so-called fixed charges rate. It is the sum of the fixed annual expenses as fractions 
representing the annual interest rate, depreciation rate, insurance rate, etc. Hence, the 
fixed annual cost of the wall is given by 

C w = F w C w D/m 2 y (4.2) 

4.3 REFRIGERATION/AIR CONDITIONING COST 

The cost of refrigeration/air conditioning could be divided into two parts. One is the 
first cost of the equipment and the other is the cost of its operation. 

4.3.1 EQ UIPMEN T COST 

The equipment required would be heating units(s) for the winter months, cooling 
unit(s) for the summer months or refrigeration unit(s) for cooling a cold store throughout 
the year, together with their necessary plumbing and electric connections, space, foun¬ 
dation, etc. The capacity of a unit depends on the maximum load it will carry in kW and 
the utilization factor commonly used for the type. 

The load on a unit could be divided into two general parts: the conductive and the 
internal parts. The first, the conductive part denoted by q c , could be determined by the 
methods described in the previous chapters and is prorated to a unit area of the wall. The 
internal load, denoted by qj, would be that of occupancy, infilteration, etc., is inde¬ 
pendent of the component construction and could be determined by the methods 
described in refrigeration and air conditioning texts and, again, should be prorated to a 
unit area of the wall. 

The maximum load on a unit thus calculated and the utilization factor chosen, the 
unit capacity per unit area could be determined. From these, the auxiliaries cost and, 
hence, the total cost could be calculated and prorated to a unit wall area. The total cost is 

1 D = dinar. 
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4.1 INTRODUCTION 


The general engineering problem is an economic one. Many designs and construc¬ 
tions could be conceived to fulfill a given set of requirements: function, durability, etc. 
The choice of a particular solution is an optimization process where the requirements are 
met with the least possible expense. 

For a building, the present discussion will be limited to the case where the indoors 
temperature is positively controlled, throughout the year, by a refrigeration or an air 
conditioning unit. With all the other basic requirements fulfilled, the economic problem 
becomes that of the walls constructions. A better insulated wall, either by being thicker 
or by adding a layer of an insulating material, is more expensive. However, such a wall 
would ultimately require a smaller and less expensive refrigeration/air conditioning unit, 
and would also save on the energy required for its operation. Epitomized, a more 
expensive construction would save on the first cost of the refrigeration/air conditioning 
unit and its consumption, and vice versa. The economic problem is, essentially, to 
balance these factors - namely the first cost of the wall and refrigeration/air condi¬ 
tioning unit, and the running cost of the unit - to minimize the total final cost, usually in 
the form of a total annual cost. 

In this chapter, the various costs are discussed. They are separated to fixed or first 
costs, and running costs. The fixed costs are used to obtain the so-called fixed annual cost 
which, when added to the running costs would give the total annual cost. This latter cost 
is the objective function to be minimized to give the optimum design. 

Because the thermal load calculations, essential for sizing the refrigeration/air 
conditioning unit and determining its energy consumption, are based on a unit area of 
the wall, ali the costs discussed above will be prorated to a unit wall area. 

4.2 WALL COST 

Considering a wall of m layers (usually within four), the total cost of this wall per 
unit area could be divided into the following parts: 

1 —A cost that is independent of the type of wall or its construction. Examples are costs 
of architectural design, skeleton, purchasing, finishing and painting, etc. While this 
cost has to be taken into account in calculating the total expenditure, it could be 
neglected in comparative economic studies, being the same for all alternatives. 
Overhead charges should be included in this category; however, the common 
practice is to estimate these charges as a percentage of the expenditure and, hence, 
would be included in this study. 




Chapter 4 


ECONOMIC ANALYSIS 


The contents of this chapter were presented at the ASME 1981 Sobar Energy Third 
Annual Conference, Reno, NIVADA, U.S.A. April/May 1981. 
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3.6.2 EFFECT OF WALL ORIENTA TION 


Figure 3.6 shows the distribution of the flux density and its average for three 
composite walls of the same construction but different orientations in the northern 
hemisphere. The three walls have the same maximum insulation F max . As could be seen, 
the least maximum and average are those for the north facade, being practically un¬ 
exposed to the sun. The highest maximum and average are those of the south facing 
wall. The reason is that such a facade is exposed to the sun longer than the other 
orientations. Further, the maximum for the south-facing wall occurs later in the day than 
that of the east facade because the maximum insulation for the former occurs at solar 
noon, whereas that of the latter takes place much earlier in the day. 

For the north facade, it is not exposed to the sun and, therefore, the maximum and 
average fluxes through it are the least, being due to the effect of the outside air 
temperature only. 

3.7 CONCLUSIONS 

In this chapter the general problem of composite components with isotropic 
homogeneous layers is formulated and two methods of solution are presented. These 
methods are given in a rather general form relying on the previous chapter for the 
details. 

Illustrative numerical examples for two-layer components are solved and discussed 
as to the effects of orientation and relative position of the insulating layer. The computer 
program used is given in Appendix B and some results are compiled in Appendix D for 
further use by the reader. 
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Further, the figure shows that placing the insulation on the room side, for the same 
materials combination, reduces the maximum heat flux density. This would also reduce 
the capacity of the refrigerating/air conditioning unit that would be needed as shown in 
the next chapter. This trend is the reverse of that found earlier in a similar problem with 
uncontrolled air temperature [4], The complexity of the problem makes it virtually 
impossible to state explicitly general conditions for such a reversal of trend. Such a 
condition may be visualized, for example, for the case of a component thick enough that 
the first harmonic dominates its thermal behaviour. In such a case, the exchange of the 
positions of the second and third matrices on the right hand side of eqn (3.47) for the 
first harmonic may change the value of the heat flux density as given by the differential 
d 0, 2 /dX,. This, of course, happens only for certain conditions and relative property 
values of the two layers. 



Time 

fig. 3.6 
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Figure 3.5 shows the effect of the relative thicknesses of the main and insulating 
layers. In all cases the insulating layer is 1 cm thick, whereas the main layer thickness 
varies between 5 and 20 cm. 

3.6.1 EFFECT OF RELA T1VE POSITION OF LA YERS 

Figure 3.5 shows qualitatively the interesting effect of the relative position of the 
two layers on the indoors heat flux density. The average heat flux, being the steady-state 
part given by eqn (3.48), is not affected by the relative position of the layers. 



Fig. 3.5 
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Fig. 3.4 
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Fig. 3.3b 
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While this form seems to be more complicated than that of eqn (3.35), its use is 
straightforward and it gives directly the flux in the transformed domain, hence less time 
consuming. 

3.5 SOLUTION PROCEDURE 

The objective of the present study is to determine the load on, and size of, a 
refrigeration or an air conditioning unit that maintains a constant indoor air temperature 
0 r . The reduced flux d9 m2 /dX m could be determined from the general method of 
solution of eqn (3.24) as described in Sect. 3.3 where A m and B m are determined. 
Alternatively, this flux could be obtained directly from eqn (3.44). The result would have 
a form similar to that of eqn (2.22) which would have steady, radiative and convective 
parts. 

The steady-state part gives the average heat flux and could be shown to be given by 

N q , av = q av / \ = (k m / h r t j (ae m y a xj 


M 9 a,o- 9 r> + N I R 


I.av 


1 + R h + h o 



(3.48)i 


The established state radiative and convective parts could be determined as before in 
Chapter 2 as factors of R, and 0 a , respectively. Their transfer functions, similar to those 
of eqns (2.23 and 24), could also be determined for any general harmonic n. The process 
could be carried out after that in exactly the same manner as in Sect 2.3.2.3 and 4. 


3.6 NUMERICAL CALCULATIONS 
FOR TWO-LAYER WALLS 


The general method was used to solve the problem of two-layer components. A 
computer program, written in FORTRAN IV for IBM-370 computer is given in Ap¬ 
pendix B to solve two-layer problems, using the general method of Sect. 3.3. The block 
diagram for the algorithm used is shown in Fig. 3.3. Solutions for some cases where 
9 r =0, N,= 10 and R h =l were carried out with properties taken from Appendix C. 
Copies of the print-out sheets are given in Appendix D for later use by designers, they 
give the variation of the dimensionless indoors flux with time. 

Some of the results are shown graphically to illustrate specific points. Figure 3.4 
shows a general comparison between the various materials with the insulation on the 
outside surface of the main layer. This figure shows that bricks are better than concrete 
for the main layer; and that for outside insulation, cork is best and gypsum the least 
effective. Merit is indicated by the values of the maximum and average heat fluxes. In the 
cases presented, higher maximum heat flux is accompanied by a higher average value. 


1, The numerator of this equation corresponds to the difference between the indoor temperature and 
the «sol-air temperatures. 
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cosh p. 


P 1 sinh p 1 


sinh p x / Pj | 1 (N g 1^) 


cosh p 1 


9 a ♦ (N, R, / R h ) 


N B V 8 1,1 - V - "b N i R i 


(3.44) 


3.4.5 TWO-LA YER COMPONENTS 

The simple case of Section 3.3.1 could be restated in the present form as 


2,2 / dX 2 J |_0 


1 kj/kj Ng 


cosh p 2 
P 2 sinh p 2 


k^ ^ 2 sinh p 2 / k 2 
^ cosh p 2 / k 2 £ 


cosh n, 


p^sinh Pl 


sinh p^^ / p 1 
cosh p^ 


(N B V' 


e . * (s i R i 1 V 
"b V®1,1 - 5 a> - N b N I f I 


(3.47) 
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As could be seen, the first form, eqn (3.42a) is best suited for the outside layer, j= 1; 
the second form, eqn (3.42b) is best suited for the other layers, j=2,3,...,m. 

3.4.3 OUTSIDE SURFA CE 

The relation to be used here is the boundary condition, eqn (3.19); in matrix form it 
becomes 


e,., 


1 (N b R h )-' 


e, + (n, 

R, / R h 

dX, 


o 

_1 


n b R h (e ,, - 

e a ) - n b n, r, 


(3.43) 


3.4.4 COMPLETE RELA TION 

The value for the right hand side vector of eqn (3.41) is substituted from eqn 
(3.42b). This substitution is then carried out successively using the latter equation to the 
outside layer (j=l) where eqn (3.42a) is used. The right hand side component of this 
relation is then substituted from eqn (3.43). This gives eqn (3.44) on the following page. 
This relation yields two equations in two unknowns. In the present case where 0 r is 
given, these unknowns are Q [ , and d 0 m2 /dX m ; the latter is the more important 
quantity as it gives the flux into the room, namely 


dG 

dX 


m,2 


m 


^m,2 & m 

k m ^ 


= N q N B k, 


$ JK l 


or 


ae 


N q = 


m,2 


dX„ 


(k m k, / m N B ) 


(3.45) 


(3.46) 


The temperature and flux at the outside surface could then be obtained from eqn 
(3.43). 


e 


, de / dx 

1 m, L tn 


1 V k l n b 



cosh p 

m 

k , t 

m-1 m 

sinh p / 

' m 

k Z . 

ra m-1 

p ml 


p sinh p 

_ r m m 

k t l 
ra-1 m 

cosh p 

/ k Z 
m tn- 

J 


cosh p 2 h 1 Z 2 sinh p 2 / k 2 Zj p 2 
j^P 2 sinh p 2 k 1 l 2 cosh p 2 / k 2 Z^ 


45 



3.4.1 INNERMOST SURFACE 


The energy balance at the innermost surface is represented by the transformed eqn 
(3.20), it gives in matrix form the room temperature and flux 


— “1 
0 

r 


1 

k m /k| N B n 


e m ,2 

dS m , 2 /dX m 


0 

1 


d 6 m ydx m 

— 


_ 

_ 




3.4.2 INTERMEDIA TE COMPONENT 


The boundary value problem to be solved in this case would be eqn (3.28) with the 
boundary conditions given by eqns (3.21 and 22). For no thermal contact resistance, the 
problem becomes 


d‘ 0 


dx; 


- d 2 e 


■j i 


. = o 


d e 


j.i 


dXj 


= R 


d 0 


j-02 


kj-l 


dX. 


«j,,= B H.2 


(3.18) 

(3.21a) 

(3.22a) 


The general solution of eqn (3.18) is given by eqn (3.23). Using this equation and 
eqn (3.24) with the boundary conditions give 


0 = y 

J,2 ° 


j.i cosh pj + 


sinh p^ d 0 j , 


d 0 


J.2 


dX; 


j.i Pj sinh pj + 


Pj 
d 0 , 


dX. 


j.i 


dX; 


cosh pj 


In matrix form, these relations become 


' °J.2 


cosh p 

J 

sinh Pj 


e„ 

d ^ j.2 

— 

Pj sinh Pj 

p j 

cosh Pj 


d «j,, 

1 — 

Cl 

J* 




L dx j J 


(3.42a) 


cosh p^ 

Pj sinh ^ 


R 


kj-l 


Pj 


R 


kj-l 


sinh 


cosh 



i- 

1 

\x 

1__ 


d ^ j-1,2 


dX j 


(3.42b) 


44 



The solution of this matrix is quite tedious; however. It could be handled rather 
easily by a computer and is most general in the sense that it can give the temperature 
distribution at any point within the wail at any instant of time. Explicit relations could be 
obtained from this solution for various values of m, but they are very complicated even 
for two layers (m=2). The matrix is most useful for numerically-defined problems where 
manipulation will be of numbers rather than symbols. Of course, numerical solutions are 
best carried out by a computer that could easily handle complex quantities. 

3.3.1 TWO-LA YER COMPONENTS 


To illustrate the method of solution outlined above, the simple case of two-layer 
components where the indoor temperature is controlled, i.e., for 9 r = constant, hence 
9 r - 9 r /s is given below in matrix form 


r . i 


“ 


■ 

O 

o 


A, 


s 

exp(p|) exp(-p|) -1 -1 


B, 


0 

M, -N, -1 1 


A 2 


0 

0 0 exp(p 2 ) L 


b 2 


T 


(3.35) 


Solution of the above matrix gives the following expressions for the integration 
constants. 


A, = [2 kT- S exp(-p[) | L + exp(p 2 ) j - S N (L -exp(p 2 )]/D (3.36) 

B, =[-2r+s{ M + exp( P] )} { L + exp(p 2 } -2SLM]/D (3.37) 

A 2 = [(T+ KT+ LN) { M + exp(p l )} + (r+SLM)|N-exp(-p l ) } ]/D (3.38) 

B 2 = [S exp(p 2 ) { N exp(p,) + M exp(-p,) \ - K T { M - exp(p,)} 

- T { N + exp(-p,) | ]/D (3.39) 

where 

D = (L + exp(p 2 )] [K - exp(-p,)] + (N - K M) [L - exp(p 2 )] (3.40) 


The above values could then be used in eqns (3.23 and 24) to determine the 
temperature distribution and heat flux density, both in the transformed domain. Note 
that M stands for M, and N for N,. 

3.4 ALTERNATIVE METHOD OF SOLUTION 

As mentioned before, the general method of solution is quite tedious but general. In 
most cases, the temperature distribution in the wall is not required and solution is 
needed only for the thermal flux into the building. For such cases, a much simpler 
formulation could be used; it is based on a method used by Carslaw and Jaeger 118] for a 
simpler case. In this method, the temperature and flux at the inner interface, denoted by 
«2», of a layer are obtained in terms of their values at the other, and outer, interface of 
the same layer denoted by «1». Using these relations successively together with eqns 
(3.21 and 22), the solution would be presented as a multiple of m+2 second order square 
matrices. The formulation would be as follows. 
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( 332 ) 

(3.33) 

(3.34) 


N j = kj Pj ex p(-Pj) / k j+ 1 p j+1 
S =( N B Rh ^ a + N b N, R,) / (N B R h - P j) 
T = Ng e r (k l /k m )/[N B (k l /k m ) + Pm ] 
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3.3 GENERAL METHOD OF SOLUTION 


The simultaneous solution of eqns (3.18 to 22) is not straightforward. Solution is 
simplified by considering three different types of layers: an outside layer, j=l; an in¬ 
termediate layer, 1 j m, and the innermost layer, j=m. For all layer types, eqn (3.18) 
applies; a general solution of which is 

® j = Aj exp(p, Xp + Bj exp(-Pj Xp (3.23) 

This solution gives 
d © j 

- = Pj [Aj exp (pj Xp - exp ( pj xp] (3 24) 


Neglecting henceforth any thermal contact resistances at interfaces, two common 
boundary conditions exist for all inner interfaces, namely eqn (3.21) without the middle 
term, and eqn (3.22). Both of these relations when substituted into eqns (3.23 and 24) 
give, respectively, for the general surface Xj = 1, j = 1, 2 ,.., m-1 

Aj exp(pp + Bj exp(-pp = A j+1 + B J+I (3.25) 

and R k j Pj [A 1 exp(pj) - Bj exp(- P p] = Pj+1 (A j+1 - B j+1 ) 

/j+1 k j Pj 

° r 7 V n ' CXP(P)) ~ B > 6Xp( ' P j )] = V> “ B J+ > (3.26) 

The above two relations, eqns (3.25 and 26), are the only boundary conditions for 
intermediate layers: j = 2,3,..., m-1. 

For the outside layer, j = 1, eqn (3.19) is applicable; when substituted into eqn 
(3.24) it gives 

A i ( Pi " n b R h > = B i(Pi+ N b R h ) - N b R h - N B N, R, (3.27) 

For the innermost layer, j = m, eqn (3.20) gives 

k k k 

A rn (Pm + n b exp(p m ) = B m (p m - N b -t-^-) exp(-p m ) + N B —0 r (3 28) 

m m 

Equations (3.25 to 28) give a system of algebraic equations that have to be solved 
simultaneously to determine the factors: the A’s and B’s. This could best be carried out 
through the matrix given on next page. In this matrix 


K = (N B R h + Pl )/(N B R h - P| ) 

(3.29) 

L = [N B (k,/k m ) - p J/ [N B (k,/k m ) + pj 

(3.30) 

Mj = k j Pj ex P<Pj) f k j,i P j+ i 

(3.31) 
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d G 


dX, 


= N B R h (B o - G J-N r N,R 


B I 1 


(3.19) 


X, = 0 


dB, 

dX r 


( 0 r- 0 m , 2 ) 


(3.20) 


X =1 


R 


k,j 


d 0 ; 


dX, 


d 0. 


Nuj< Bj + , | 0 i2 ) 


j+i 


dX 


j+i 


X j=J 


(3.21) 


x i + i=0 


B,(1) = B j+1 (0) 


(3.22) 


This set up of the problem is shown graphically in Fig. 3.2. 


CN CM 



Fig. 3.2 
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N i = £ > ma x/h r At 


N uj-Ui £ t+l /k )+l 
R k,j “ k j ^j+l/ k j+] j 


(3.10) 

(3.11) 


Equation (3.8) defines m parameters for j= 1,2,... m, whereas each of eqns (3.10 
and 11) definie m-1 parameters for j— 1 , 2 ,..., m-1. 

With the above dimensionless groups, eqns (3.1 to 6) become, respectively, 


3 1 30 , 

a xf -*7 FT 


e J (X j ,T)= 0 J (X j ,T+M) 


(3.12) 


(3.13) 


N B R h < © M - B a )-N B N,R, 


X, - 0 


(3.14) 


< «r- e m . 2 > 


(3.15) 


N uj( 0j+u - 


x J = o 


X J+1 = 0 


(3.16) 


B/1,T)= 6 j+1 (0,T) 


(3.17) 


The above m differential equations, eqns (3.12), and their 3m boundary conditions 
as given by eqns (3.13 to 17) could be solved simultaneously using Laplace transforms in 
a manner similar to that used in Chapter 2. This is done as follows. 

3.2.2 LA PLA CE TRA NSFORMS 

The Laplace transforms of eqns (3.12 to 17) are, respectively 

d2 e.i _ i—-—— 


~Pj 2 Bj = 0 , p,= V s/n fj 


(3.18) 
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= e I + h o(t a -t M ) 


(3.3) 


- k, 


6x, 


x.=0 


It should be remembered here that both the intensity of solar radiation I and the 
outside air temperature t a are known periodic functions of T ; and t, , is the tem¬ 
perature of the outside surface. For the inside surface at x m = conservation of 
energy gives 


-k_ 


d 

d X n 


h r (*m,2 l r ) 


= i. 


(3.4) 


Here t m 2 is the temperature of the inside surface. 

Where there are thermal contact resistances between the layers or, for that matter 
air spaces of negligible heat capacity, the temperatures would not be the same at the two 
sides of an interface. For example, the interface between the layers j and j+1, the 
temperature tj 2 on the right hand side of layer j would not be the same as t j+l [ on the 
left hand surface of layer j+1. If the thermal contact resistance at this interface is denoted 
by its reciprocal, conductance Uj, we would have the remaining 2m-2 «coupling con- 
ditions» to denote the conservation of energy at these m-1 interfaces as 



= u j ftj,2 l j+ r ,|) ~ k j+i 



dt. 


■j+i 



(3.5) 

x j+] = 0 


It should be noted that the above expression denotes two coupling conditions for 
this interface, hence eqns (3.5) give the required 2m-2 conditions. 

Where there is no thermal contact resistance at an interface, say the one considered 
above, then 


l j,2 - Vh.I 


(3,6) 


Since conductance Uj would then be inFinite, the middle term of eqn (3.5) would be 
indeterminate and eqn (3.6) would replace the second relation of eqns (3.5). 

3.2.1 DIMENSIONLESS FORM 

The problem could be rendered dimensionless by the method used in the previous 
chapters, i.e., by using eqns (1.6, 7 and 15) with l j as the length^criteria^and defining 

N„=h, i,/k| (3.7) 

N Fj = «, V/J (38)l 


1. It should be noted that N F = N k /N„ 2. Fourier number is used in this chapter because Biot number 
N„ does not have its traditional meaning for an intermediate layer where its surfaces are not 
subjected to convection. 


38 



Fhe space boundary conditions are as follows. For the outside surface at x 


1 


Outside Air 



I+h 






3.1 INTRODUCTION 

In the previous chapter, the case of a simple building component, i.e., made of a 
single homogeneous material, was considered. However, most walls are composite and, 
in many cases, the above assumption would lead to considerable errors. Examples of 
such composite walls are ones with insulating layers, with thick plaster on one or both 
sides, etc. 

In this chapter, a composite wall of m homogeneous layers is considered with 
periodic change of outside air temperature and insolation, and constant indoor tem¬ 
perature. The problem is formulated for the case where thermal contact resistances are 
present between the various layers. The method of solution is given, however, for the 
case where such resistances are absent. The problem is solved to give the thermal flux 
density through the inside wall surface. This solution provides a basis for the deter¬ 
mination of the capacity of the refrigerating or air conditioning equipment, and the 
proper selection of wall layers. 

Because of the slight difference between the present problem and that of the 
previous chapters, the problem is formulated anew in both dimensional and dimen¬ 
sionless forms. The method of solution^ in essence, follows that used in the previous 
chapter. 

3.2 ANALYSIS 

Consider a composite wall of m homogeneous layers: 1,2,3,..., j, j+1,..., m as shown 
in Fig. 3.1. Each layer has a thickness 1 ■ and properties k j; Cj, P- and or = kj/ P- Cj 
where j = 1,2, ...m. The local distance Xj is measured from the left hand side surface 
(towards the outside air) designated by subscript «j,l». 

For each layer, the governing relation is the general conduction equation in 
one-dimension, i.e. 


= j_ atj 

ax/ a t dr 


(3.1) 


There are m of these equations that need 2m «space boundary conditions)) and m 
«time conditions)); the latter ones are simply those of periodicity for established-state 
conditions, i.e., as eqn (1.2), 


r ) - t/xj, r +M r cy ) M=l,2,... (3.2) 
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B 


Fig. 2.6 


2.5 CONCLUSIONS 

A more general method for the determination of the thermal behaviour of buildings 
is presented. Generality is obtained through the use of dimensionless groups, and the 
normalization of meteorological data. Generality is also attained by analysing the 
periodic meteorological functions to their harmonics, and giving a solution for a general 
harmonic. This solution is obtained mathematically by the ((frequency response» 
method; is general and could be used directly for any situation. The final solution for a 
given general case could be obtained by the superposition of the various harmonics, and 
of a mean steady-state solution. 

An example is solved for the case of a south facade which is practically equivalent, 
except for the magnitude of solar irradiance, to the case of a roof. 
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The effect of the conductivity parameter N k on the heat flux is shown in Fig. 2.4; its 
increase by, say, decreasing k c increases the heat flux to the room due to the 
decrease in the walls heat capacity. This also results in advancing, time wise, the 
maximum flux. 

Figure 2.5 shows a plot of the maximum heat flux N „ versus N b for various 

q.mdx K 

values of N B and R h . The importance of this maximum flux is that it determines the 
capacity of the refrigeration or air conditioning unit. The effect of N, on N„ is not 
large, its increase increases N qmax rather slightly. Flowever, an increase in either N B or 
R h decreases N qmax appreciably. The effect of the former means an increase in the 
room's heat transfer coefficient, hence effective dissipation of the flux that flattens out 
the energy-time curve; it may also mean an increase in the wall thickness 1 or a decrease 
in the thermal conductivity k., either means an increase in the thermal resistance. On the 
other hand, an increase in R h means an increase in the outside heat transfer coefficient 
and, hence, better dissipation of heat to the outside air; naturally, this decreases N q max . 

The average reduced flux N qav determines the energy consumption; its relation to 
N B , N k and R h are shown in Fig. 2.6. The effect of N k is negligibly small; as mentioned 
above, its change flattens the time distribution of flux without affecting its mean value to 
any considerable degree. An increase in either N B or R h decreases N qav for the reasons 
outlined in connection with N q max . 



Fig. 2.4 
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Time 
Fig. 2.3 
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south facade, and for an east wall in a haze-free atmosphere; their data are also shown in 
Fig. 2.1. The tables and figure represent, quite closely, the data published by ASHRAE 
[1]. Admittedly, these data merit a wider study than has been possible so far. Efforts 
should be made to standardize these normalized values of 0 a and R,; values for the 
latter should be determined for different orientations and weather conditions. 

Using hourly values from the above mentioned tables, each was represented by 24 
terms of Fourier series, including the «zero term». Using the calculated Fourier 
coefficients, given also in Tables A.l to 3, hourly values of N q were comuted; the results 
are shown in Fig. 2.2 for R h = 1 and 2, and for N B = 3,6 and 9. As could be seen, an 
increase in N B decreases the maximum flux density and retards it. On the other hand, an 
increase in R h decreases the maximum flux density without affecting its time. 

Figure 2.3 shows the effect of N B for a given value of N k . A larger Biot number 
means, for given h r and k, an increase in the thickness . As shown in the figure, this 
reduces the average and maximum heat fluxes and retards the time of the latter. Figure 
2.3 shows also that the effect of the ratio R h is the same as given by Fig. 2.2; it does not 
have any significant effect on the time of the maximum load. 



Time of Day 
Fig 2.2 
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Therefore, the contribution of the nth harmonic driving function of eqn (2.14) to 
the heat flux density into the room is given by 

N q.i.n - V 2 N B N, ? n R l n cos(2n7r r + <t> „ 

The sine part ot eqn (2.8) has the same effect as the cosine part above. The - 
contribution of all the radiative harmonics to the heat flux density is obtained by 
superposition as 

m 

N q-I - V!n b N, ( Vr n )[R ( ., n eos( 2n * T + <#> n - -f) 

n I 

+ R l.s.n S ' n ( 2n * T + <P„ ~ -f ) ] (2J8) 

In a similar manner; the contribution of all the «outside air temperature harmonics» 
is given by 

m 

N q .0 = V~2" N B R h ( 7 " /r n> [« a.c.n COS ( 2n “ T + <P „ ~ ) 

n- 1 

+ 0 a,.s.„ s in( 2 n^ T + <t> n + ] (2.39) 

2.3.24 Total Flux Density: The total flux density is obtained by adding the steady and 
established parts of eqns (2.12, 38 and 39) 

N _ R h( ©a.O ~ 0 r ) + N l R |, 0 

q R h<l + N„) 

+ \l~2 Ng N, ^2 ( V r n> [ R i.c,n cos ( 2n 57 T + <p„ ~j) 

+ R u.n sin(2nrt T + <p n - J)] 

+ V 2 N B R h £ ( 7 „/r n )[e j , t ,cos(2nKT + * n -|) 

+ 0 a .c.nSin(2n7r T+ <*> n - J)] (2.40) 

2.4 NUMERICAL EXAMPLE 

In the following, the results obtained by the previous analysis for a roof or a southern 
wall are presented. For this purpose, the dimensionless functions 0 and R, should be 
known. A study of meteorological data for the summer months of a number of cities in 
the temperate zonei showed that 0 a follows closely the values given in Table A.I of 
Appendix A and shown graphically in Fig. 2.1. Tables A.2 and 3 give R, for a roof or a 


1 Values for © > were averaged from meteoroligical data from various stations in Egypt, Sudan and 
the Southwest region of U.S.A. They also agree with the data given by Threlkeld [3] Fig. 14.17. 
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Nq.I.n.amp = R [,n |H, >n (2n 77 '0 | (2.25) 

The phase shift, \p is a l so obtained as the argument of the same transfer function, 
i.e., 

n = arg H( n (2n * i) (2.26) 

To implement this method for the nth harmonic of the radiative part, the following 
process is used. 

T7 |n (2n7r i) = N B N,p(2n r i)/ F(2n r Q (2.27) 

From the theory of complex variables, eqn (2.20) gives 

p(2n ir i) = Y n (l + i) = V~2 7 n exp(i /4) (2.28) 

where - 

7 n = N B VrTr /N k (2.29) 

Using the relations 

sinh(y + iz) = cos z sinh y + i sin z cosh y 
cosh(y + iz) = cos z cosh y + i sin z sinh y, 
the function F(2n n i) is determined as 

F(2n tt i) = P n + i Q n = r n exp(i <t> n ) (2.30) 

where 

P n = N B R h COS y n sinh \-2rJ sin 7 n COsh 7 n 

+ N B (1+R h ) y n (cos 7 n cosh 7 n - sin 7 nS i n h r n ) (2.31) 

Q n = Ni R h sin 7 n cosh 7 n + 2 7; cos 7 n sinh > n 

+ N B (1+R h ) y n (cos y n cosh y n + sin 7 n sinh 7 n ) (2.32) 


r n= V P n + Qn 2 (2-33) 

<P n = arctan(Q n / P n ) (2.34) 

Substituting from eqns (2.28 and 33) into eqn (2.27) 

H i,n ( 2n 77 i) = V^ N B N I 7 n i(~ — „)/ r n (2.35) 

Using this relation in eqns (2.25 and 26) gives 

N q,[,n.am P = V 2 ^ N, R, „ 7 n /r n (2.36) 

i t n = ±-4> n (2.37) 
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£6 

dX 


= n b ( e r - e 


X=l 


N q,n = © 


X=1 


e 


(2.17) 


(2.18) 


x=i 


The solution of the boundary value problem given by eqns (2.15 and 17) is: 

9= | N B (p cosh pX + N B R h sinh pX) 9 r 

+ N B R h [p cosh p(l-X) + N b sinh p( 1 -X)] 0 a 
+ N B N, [p cosh p( 1 -X) + N B sinh p(l-X)] Rj |/f(s) (2 19) 


In this expression 


p = p( s ) = N B Vs/N k (2.20) 

F(s) = (p2 + Ng R h ) sinh p+pN B (l + R h ) cosh p (2.21) 

The transformed reduced flux density could now be obtained from eqn (2.18) using 
eqns (2.19 and 21), it gives 

N qn = ^- tN B R h *0 a + N B N, R, 

F(s) 

- (p sinh p + N B R h cosh p) 0 r ] (2.22) 

2.3.2.2 Transfer Function: A transfer function H(s) is the ratio between the Laplace 
transforms of the dependent and driving functions. In the present case there are two 
driving functions as given by eqns (2.13 and 14). Their effects appear as the first two 
terms of eqn (2.22). The third term gives the effect of the room air temperature, a 
constant in the present problem, and was handled in the steady-state part. 

The transfer function for the nth harmonic of the radiative part is obtained as 
follows 


H,, n (s) = N q>)>n / R, n = N b N, p(s)/F(s) (2.23) 

For the outside air temperature part 

= a>n = N B R h p(s)/F(s) (2-24) 

2.3.2.3 Established-State Solution.^ the frequency response method [16], the amplitude 
of the dependent function is obtained by multiplying the amplitude of the excitation 
function by the modulus of the corresponding transfer function in which the Laplace 
transform variable s is replaced, in this case, by 2n 77 i. Hence, for the radiative part for 
example, the amplitude of the nth harmonic is given by: 
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harmonic, itself a harmonic function that gives fluctuations about the steady mean. The 
Final solution for the original periodic function could then be obtained by superposition 

2.3.1 STEA D Y-STA TE PA RT 

For this part, the temperature is independent of time, eqns (2.1) to (2.4) reduce to, 
respectively 


d 2 e 

dX : 


= 0 


or 


e = e(x) 


d e 

-= const. 

dX 


(2.9) 


dB 

dX 


e o- e; = N B R h ( 0 a , o - 0 0 ) + n b n,r, 


= n b ( 0 , - e r ) 


( 2 . 10 ) 
( 2.1 1 ) 


Solving for 0 0 and 0 { in the last two equations and substituting into eqn (2.6) 

gives 


N d.o = 


R h ( 0 - B ) + N,R 


i "i.o 


1 + R h (l + NJ 


( 2 . 12 ) 


The first term on the right hand side gives the effect of the outside air temperature; 
the second term gives the effect of solar radiation. Indeed, eqn (2.12) gives the mean load 
on the air conditioning unit during the day. 

2.3.2 HA RMONICS PART 

Noting that a sine function is a cosine function with a phase shift, the method 
outlined above is implemented here by considering a single harmonic for 0 and R, in 
eqn (2.3) 


an cos(2n Jr T) 

(2.13) 

i „ cos(2n tr T) 

(2.14) 


In the «frequency response*) method [16], the transfer function as obtained from the 
Laplace transform of the problem would be used. The transfer function is used to give 
the amplitude of the established-state solution and its phase shift from the driving 
function as follows. 


2.3.2.1 Laplace Transformation: Equations (2.1, 3, 4 and 6) when transformed in the 
usual manner give, respectively 


d 0 
dX 


X-0 


d 2 e 

dX 2 

= N B R h (0 


N k 

- e a )-N B N,R, 


(2.15) 

(2.16) 
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d e 


a x 

a e 

ax 


x=o 


- N B R h (e 0 - ej-N.N.R, 


X=1 - n b^ 9 r - Oj) 


(2.4) 


(2.3) 


6: - B = N' 


d 9 r 

if + N -* 


(2.5) 


The case of uncontrolled room temperature without internal heat load (N ’ = 0) 

was solved before by finite differences. In the present work, the case of an air con¬ 
ditioned space is treated. In this case 6 r is a constant and, therefore, d 6 /dT = 0 
Equation (2.5) reduces to r 


0 - 0 rz N 

> r 1 q 


In this relation and the following discussions, the double 
are removed to simplify the notations. 


( 2 . 6 ) 

prime and the i-subscript 


2.3 SOLUTION 

The problem, as formulated above, is to be solved for N q = N q (T), a periodic 
function. It should be noted that, in these equations, 9 a and R, are periodic functions of 
time only and independent of position X. 

In the method presented here, 0 a and R, are analysed to their various harmonics 
by practical Fourier analysis [15], i.e., 

m 

B a = 0 a,0 + ^2 I 0 a.c.n cos ( 2n » T) + 0 as n sin(2n ir T)] 

n=l 

and 

m 

R-i = R |,0 + I R i,c,n cos(2n If T) + R I s b sin(2n r T)] 


(2.7) 


(2.8) 


Each of eqns (2.7 and 8) contains a constant term, subscripted O, and a series of 
harmonics. The constant term, from Fourier analysis, is the factor for n = 0 and 
represents the integrated mean of the function, whereas the harmonics represent 
fluctuations about this mean. The solution for the constant term is, naturally, a 
steady-state solution. It gives for eqn (2.7) a steady conduction flux density that is due to 
the difference between the mean outside air temperature and the room temperature. For 
eqn (2.8), the constant term gives the steady conduction flux density due to the mean 
solar irradiance if falling steadily on the wall. 

A solution for a general harmonic n gives the reduced flux density N q n for this 
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2.1 INTRODUCTION 


In this chapter, the thermal behaviour of a simple building component (wall, 
roof, etc.) and its effect on the indoor conditions are treated analytically. The mathe¬ 
matical formulation of the problem in Chapter 1 is used here, simplified to the one- 
dimentional case. The problem is stated and solved in terms of dimensionless groups. 
This renders the solution more general. Indeed, a single solution could be used for a 
broad range of conditions: materials, latitudes, etc. 

Further, the effect of outside air temperature and of solar radiation are separated, 
and the solution gives their separate effects. Because the effect of the outside air 
temperature is the same for all orientations, this adds to the flexibility and generality of 
the solution. The problem treated here is that of controlled indoor temperature; i.e., for a 
refrigerated or air conditioned space. 

The method of solution used is purely mathematical. The dimensionless peiodic 
driving functions are analysed to their harmonics, where steady-state terms also appear. 
The solution of the steady-state parts are straightforward, and give the average load on 
the air conditioning unit; hence indicate directly the total energy needed per cycle (day). 
The solutions for a single general harmonic is obtained by the «frequency response» 
method used by the authors in another kind of problem [14]. This general harmonic 
solution could be used directly for other special situations that may not fall under a 
general case. 

With the effects of the steady-state terms, and of each harmonic determined, the 
final solution for a given general situation is obtained by simple superposition. 

2.2 FORMULATION 

The problem is formulated here in the manner outlined above. For the one-di¬ 
mensional case with no external heat generation (q' 0 =0>, uniform inside heat transfer 
coefficient (R h r = 1) and the dimensionless groups as defined by eqns (1.8, 9, 10, 11-a, 
13-a, 14 and 15), and eqns (116) to (120) become 


a 2 e = _n£ de_ 

3X 2 N k dT 


( 2 . 1 ) 


e (X,T) = e (X,T+n) n= 1,2,3,.. 


( 2 . 2 ) 
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Chapter 2 


THERMAL BEHAVIOUR OF SIMPLE 
BUILDING COMPONENTS 


The contents of this chapter were presented at the ICHMT Seminar on Heat 
and' Mass Transfer in Buildings [8]. 



1.3.5 MODEL SCA LE 


In modeling a complete building, it is not necessary to use a single scale for the wall 
thickness and the overall model size. In general, this means that it is possible to use two 
length criteria,L w for the wall material and L B for the whole building. The use of the 
prorated values w" r and q'makes it much easier as the length criterion does not 
appear in eqns (1.11 -a) and (1.1 3-a). 

With the use of two scales, a large scale may be used to model the building com¬ 
ponents (walls, roofs, etc.) to obtain the desirable conditions outlined above and shown 
in Fig. 1.1. Another scale would be used for the general building or room size to make a 
reasonably small simulation facility possible. This scale is the one that determines the 
overall model room heat capacity w rM and heat load q jM . 

It should be noted that the two scales are reasonably independent. Any two scales 
could be used as long as the difference between them would not distrort the two - or 
three - dimensional effects at corners, etc. 

1.4 CONCLUSIONS 

The mathematical relations that control the thermal behaviour of a building are stated 
in a most general form. The similarity groups that govern simulation by a physical model 
are obtained from these relations as dimensionless parameters; they are chosen so as to 
separate the effects of the dimensional parameters. These groups are studied in some 
detail to show how the scale of the model and its material could be determined. It is 
shown that it is possible, at least in some cases, to use two scales for the model: one for 
the building itself, the other for its components. 
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W/m 



Model wall thickness, cm 
Simulation of a 15-cm Brick Wall by Cork Board 


Fig. 1.1 
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( 1 . 28 ) 


q,,M 


= K„. 1 


q,i M.max 


L 


2 

M 


I his shows that the internal heat load should be proportional to the product I Mmax 


1.3.3 GENERA L REM A RKS ON THE CHOICE OEM A TER1A L 

Summing up the above results, the use of a model material with low thermal 
conductivity k M allows the use of a thin model wall, L M ; it also allows the use of small 
values of h rM ,"fi a M , I Mmax and temperature span A t M . For a given heat capacity ( 2 c) M , 
a low value of k M allows the use of a reasonably short period r cyM . All these are 
desirable operating conditions that indicate the use of an insulating material for the 
model. 

On the other hand, for a given thermal conductivity k M , a high heat capacity ( ? c) M 
(or low thermal diffusivity a M ) ; gives a longer period r cy M , and requires a high value 
of the room’s water equivalent w f M which could be controlled by the general model size 
(not its wall thickness). It, therefore, seems that a suitable modeling material is an 
insulator with a relatively high heat capacity. 

If a certain material is chosen for the model, a very thin wall (small L M ) gives high 
values of h rM , h aM and l Mmax , low values of the temperature span A t M , and very low 
values of the operating period r M . These are in general not desirable. To show the 
effect of the model wall thickness L M , Fig. 1.1 was calculated for a brick wall thickness 
150 mm thick modeled by various thicknesses of cork board. In the figure, the water 
equivalent w r of the room is prorated to a unit area of the inside surface rather than to 
the square of the length criterion L2. This is more convenient for the experimental study. 
Consequently, 


w" r = w r / A r 


(129) 


It seems from the figure that modeling is feasible with a model wall thickness of 10 to 
30 mm. 


1X4 MODELING BUILDING INTERIOR 

In modeling a complete building, it would be very difficult to simulate completely the 
conditions inside the room. This merits the use of a constant room heat transfer 
coefficient h r and prorated water equivalent w” r as mentioned before. For the same 
reason, the internal load qj may also be prorated to a unit area of the inside wall surface, 
hence q' ( would be used rather than qj such that 

fi'i = qi/A r (1.30) 


With the definitions of eqns (1.29) and (! .30), the pertinent dimensionless groups N w 
and N q may be redefined as follows: 

N" w = w' r / h r z cy (1.11 -a) 

N ” qi = 0 ” i / h r A t (II3-a) 


This would also simplify the form of eqn (1.20) to 

e ; - e, = N -...4^- + n- 


a t 


qi' 


(1.20-a) 
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properties. In the following discussion, the K's are constants subscripted to indicate 
where relevant. 

The heat transfer coefficient h rM is given by eqn (1.8) as 

hf,M = = ^h,r (1.22) 

This expression shows that once h rM is chosen, a low value of k M allows the use of 
a thin model wall. 

The outside heat transfer coefficient h aM is related to the indoors heat transfer 
coefficient h rM through eqn (1.14) that give with eqn (1.22) 

'’a.M = h r,M r ^h,a 0-23) 

The similarity between eqns (1.22) and (1.23) shows that h aM is affected in the same 
way as h r M . 

Simulated solar intensity and temperature span are related to the thermal properties 
of the model material through eqn (1.9); it gives with eqn (1.22) 

Vmax / ^ l M = N| h rM = Kj k M /L M (1.24) 

The similarity between eqns (1.22) and (1.24) is, again, clear. However, eqn (1.24) 
shows that for a given temperature span, a low thermal conductivity allows the use of a 
low radiation intensity. Alternatively, for a given radiation source, a low value of k M 
allows the use of a large temperature span for the model; this leads to more accurate 
temperature measurements. 

The cyclic period t cy M of the model is related to the model’s thermal properties 
through eqn (1.10) which gives, with eqn (1.22) 

r cy,M ~ k M / a M h rM = K t L m / cr M 

= K t LmU c) M /k M (1-25) 

This relation shows that for a given model thickness L M , a low value of a M gives a 
longer period r M . Further, since « M = k M / ( ? c) M , for a given value of k M , a 
low heat capacity ( 9 c) M of the model material is required to reduce the time period. 

Equation (1.11) correlates the water equivalent w rM to the model properties, it 
gives with eqns (1.22) and (1.25) 

w r ,M = h rM r C y iM Lm = l^w ( ? c Vi Lm (1-26) 

Here the thermal conductivity of the model material does not affect the choice of 
w r M , only the heat capacity ( 9 c) M does. For a given L M , as ( ? c) M decreases, the heat 
capacity w rM of the model interior should decrease. 

As to the flux density q' oM , the relation effective in this case is eqn (1.12); it gives 
with eqns (1.22) and (1.24) 

q' w = K Iw (1.27) 

^ o,M q,o M.max 

This shows that q" oM should be proportional to the modeled insolation. In the 
same manner 
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V e.N r = N B R h>r (O i - f) r ) 


(II9) 




*> I - 6 ) dSj = N . + N 
1 r i g ' 3 T 


( 1 . 20 ) 


The derivatives in the above equations are with respect to the dimensionless X . The 
dimensionless inside surface area is given by 


^ = A/I. 


( 1 . 21 ) 


The above formulation, eqns (1 16) to (1.20), is the general statement for two 
important problems. The first is the case of uncontrolled indoor temperature, as in 
passively controlled buildings. In this case, the internal heat load N should be known, 
and the problem would be solved for f) r . This was carried out for the one-dimensional 
case by Hassan and Hanna [4], The second problem is for positively controlled indoor 
temperature, as in a cold store or an air conditioned building. In this case O r is known, 
usually a constant, and the problem is solved for N q . This is solved in the following 
chapter for the one-dimensional case, using the frequency response method. 

1.3 SIMULATION 


The analytic solutions referred to above are very useful for the prediction of the 
effect of a building component on the thermal behaviour of a building. However, this 
could be done only w'hen the component is homogeneous I and of simple geometric 
shape. Still there are important cases which would not lend themselves to a mathe¬ 
matical solution. Examples are complete walls where heat is conducted in two or three 
dimensions, walls with air spaces or shading devices and, of course, the complex cases of 
complete buildings with intricate parts like towers, domes, etc., or where shadows are 
cast by other parts of the same structure, or by near-by buildings. 

1.3.1 SIMULA TION CONDITIONS 

It is evident from the above that, to predict the thermal behaviour of a building, it is 
possible (and sometimes necessary) to determine this behaviour from measurements 
made on a scale model This model must satisfy the similarity criteria defined by eqns 
0 .8) to (1.13), and should be tested under conditions of irradiation and surroundings 
that have the same functional relationships with the reduced time T as the prototype. 

To simplify the problem of simulation, it seems reasonable that h r = h r = 
constant. This renders R hr = 1. Indeed, inside a building with proper air circulation, h r 
is virtually constant, independent of time or locality on wail, floor, or ceiling. 

1.3.2 CHOICE OF MODEL MA TERIA L 

The prototype exposed to a given set of weather conditions has a fixed set of values 
of the parameters defined by eqns (1.8) to (1.1 5), namely: N B , R h , N ( , N k , N w , N q and R,. 
The values of these parameters should be the same for both the prototype and the model. 
The operating conditions and dimensions of the model depend largely on its thermal 


I. Homogeneity could be assumed without much error for the more important wall constructions. 
Properties of mortar are very nearly those of bricks in a brick wail, and gravel’s properties are not 
very different from those of cement in a concrete wall. 
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1.2.1 SIMILARITY GROUPS 


The general problem stated by eqns (1.1) to (1.5) could be rendered dimensionless 
by the following choice of variables. The independent variables are rendered dimen¬ 
sionless by referring distances to a length criterion L, and time to the period 7 cy , hence 

Xj = Xj/L and T= 7 1 7 cy (1.6) 

The temperature is reduced by referring its varation from a certain minimum 
temperature, say t amin of the outside air, to the outside air temperature span 

A 1 = ta,max henCe 


0= e (X jf T) = (t t a>min )/ At (1.7) 

The dimensionless parameters are chosen so as to separate the effects of the various 
dimensional parameters. To achieve this, the parameters are referred to the length and 
time criteria L and t c y> the temperature span and the constant properties k and a . 
Further, the parameters are referred to the day’s maximum insolation I max , say on a 
surface normal to the sun rays; and to an internal coefficient of heat transfer h r . 

The dimensionless parameters thus obtained are 


N b = h^/k 

(18) 

N,= Gl max /h r At 

(1.9) 

N k = a h r T cy ! k 2 

(1.10) 

N w = w r /(L2h r r cy ) 

(1.11) 

N ’ q,0 =C lo’/ K At 

(1.12) 

N q ,i = q/ (L 2 h r At) 

(1.13) 

R h = R h (X j; T) = h/h r 

(1.14) 

R, = R, ( Xj , T) = I/I max 

(1.15) 


The above groups are also similarity groups. If they are the same for a prototype and 
its model, both will behave thermally in exactly the same manner. 


1.2.2 DIMENSIONLESS FORM OF THE PR OBLEM 


Substitutuing the dimensionless groups of eqns (1.1) to (1.15) gives the dimen¬ 
sionless form of the problem as follows, in the same order 


V 


9 _ n b ae 
N k 3T 


(1.16) 


e(X j; T)= 0 (Xj, T+n) 

ve.N 0 = N B R h0 (e 0 - e a )-N B N,R,-N B N 


q.o 


(1.17) 

(1.18) 
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The general mathematical relations are stated in a general form, and the similarity 
groups are obtained by the so-called «differential method» [13], The modeling of these 
groups is discussed here in some detail. It is shown that complete similarity is not 
necessary and two scales could be used, one for the general building and the other for 
the components thicknesses. On the other hand, methods for the physical realization of 
simulation conditions are not explored. 

1.2 ANALYSIS 

A temperature of a room depends on the outside air temperature and the intensity 
of solar radiation, both are functions of time It also depends on the 
properties and dimensions of the room walls, particularly the outside walls that are 
exposed to changing weather conditions of temperature and insolation Within a wall, the 
temperature is function of position and time and is governed by the general euation of 
conduction with appropriate boundary conditions 

The problem is formulated as follows: The general equation of conduction for 
isotropic walls of constant properties is 


Fo^f established-state conditions, a boundary condition of periodicity may be used, it 
is 


t(xj, t) = t(x j5 t + nr cy ) (1.2) 

where j = 1,2,3 and n - 1,2,3,...; and T cy is the period, 24 hours for the prototype. 

For the exposed wall surface, the energy balance gives; 

-k Vt.n 0 =6l + h 0 (t„- t 0 ) - q Q ' (1.3) 

Here, the emissivity tE of the exterior wall is taken as its absorptivity, walls being 
practically grey surfaces. The incident solar radiation I and the outside heat transfer 
coefficient h„ (which includes radiant loss) are both, in general, known functions of 
position and time. The symbol q' 0 stands for the part of flux density that arrives at the 
outside surface but taken away to be dissipated elsewhere, as that due to solar collectors 
or solar cells. 

In a similar manner, the boundary condition for the inside surface of unknown 
temperature tj(Xjj,r) would be 

-k V t. n r = h r (t, - t r ) (1.4) 

Here, again, h r is, in the most general case, a known function of space and time. 
However, the room temperature t r would be assumed uniform inside the room and vary 
with time only. 

The heat convected to the room, as given by eqn (1.4) is used to change the 
temperature of the room air and contents, and supply any other internal load 
q ; = qfr), as that of a heater or cooler. This term should include the direct solar flux 
through windows, etc., in which case it would be a negative quantity. Therefore, 

f A h r (tj - g dA; = w -^y- + q< (1.5) 
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1.1 INTRODUCTION 

The prediction of the thermal load on a building is an old problem in the field of 
refrigeration and air conditioning [I to 8]i. It gained new importance lately with the rise 
of energy cost and the use of solar energy as a prime source for heating and cooling. 
These called for more accurate methods. For this purpose, a number of computer 
programs were developed to simulate the thermal behaviour of buildings [9]2. Most of 
these programs use average daily temperatures to predict the thermal load on a whole 
building. There are also analytic methods to predict the thermal behaviour of, or load 
from, a building component [4 and next chapter]; they can give an hour-by-hour inside 
temperature of a building, or the heat fluxes across its walls. 

While the analytic methods are accurate, they can only be used for buildings of 
simple construction; where the boundary conditions are manageable. When the boun¬ 
dary conditions in space and time become complicated because of the effects of nearby 
buildings, shading devices, etc., the analytic formulation of the problem becomes vir¬ 
tually impossible. In such cases, one method of solution is to carry out tests on actual 
prototypes [11], Obviously such a method would be very expensive and needs a long 
time to obtain results that may not always be representative of typical installations, 
occupancy, etc. 

Physical modeling is a viable method to predict the effects of passive control 
devices, or the heating and cooling loads on a building. In a simulation facility, various 
types of design, construction, loading, climate, orientation, etc. could be tested in a short 
period of time with reasonable accuracy and expense. In fact, modeling may be the only 
practical method for predicting the thermal behaviour of complicated and expensive 
structures. 

A pioneer work in modeling seems to be that of Alexander [11]. 

However, the object of his work was to compare different frame constructions 
subjected to prototype conditions. The analysis made, based on steady-state conditions, 
are rather sketchy and qualitative. 

To carry out physical modeling properly, the similarity groups that control thermal 
behaviour should be identified; this is done here by a method used by one of the authors 
[12] in a similar problem as follows. 


1. Numbers in brackets designate References at end of report. Those cited here are not the only ones in 
the literature, some of them [1,2,3,8] list other pertinent works. 

2. This reference contains a number of papers that describe the methods used in different countries. 
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Chapter 1 


GENERAL MATHEMATICAL FORMULATION 

AND 

THE PHYSICAL MODELING OF BUILDINGS 


The contents of this Chapter were presented at the ISES 1979 International 
Congress, Atlanta, GA, U.S.A., May/June 1979, 



combination of both) of the component thermal flux density or the building temperature. 
In the approach used, the effect of outside air temperature and of solar radiation are 
separated, and the soltuion gives their separate effects. This adds to the flexibility and 
generality of the solution because the effect of the outside air is the same for all 
orientations. Further, the solution is in terms of a Fourier series and, hence, consist 6f 
steady-state and periodic parts. The first part gives the average load on a refrigeration or 
air conditioning unit; hence indicates directly the total energy needed per cycle. The 
periodic part gives the maximum load on the unit and, hence, indicates its capacity. 

The third chapter is an extension of the previous one to composite components; i.e. 
components that are composed of insulating and/or protective layers together with the 
load-carrying layer. 

In the fourth chapter, the economics problem is formulated by defining the fixed 
and operating costs, and identifying them with the parts of the solution of the thermal 
problem. A method for the solution of this problem is then outlined to determine the 
component’s optimum construction that gives the least total annual cost of component, 
cooling unit, energy, etc. 

In the fifth chapter, a numerical example is solved to illustrate the method presented 
in Chapter 4. 

Appendices contain, among other things, the computer programs used and the 
methods of their use. 
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INTRODUCTION 



The era of cheap energy is past. It became clear that the classical sources of energy, 
particularly oil, are too precious to be wasted as fuel; they are the raw materials for 
important industries essential for the welfare of humanity. Being depletable, this fact 
resulted in the escalation of fuel prices in the recent years, and necessitated serious 
considerations for the preservation of these sources and their efficient use. Calls are 
abundant for the saving and wise use of fuel. However, experience has showed that 
people are usually slow in heeding such calls, and it would take quite a long time for 
them to realize the gravity of the situation and start active fuel saving. Concurrent with 
these calls is the active endeavour of tapping ne.w sources of energy; however, the 
development of new technologies is a long process. For all these reasons, and until new 
technologies are established, man has to try to improve the efficiency of existing methods 
of power generation, and positively reduce energy consumption through new' methods 
of design. 

One of the promising sources of energy is the solar energy directly tapped. The sun, 
the fundamental source of energy available on Earth, is also a reason for its loss; it forms 
the main thermal load on buildings maintained at temperatures lower than those of their 
environs. Examples of such buildings are cold stores, air conditioned buildings in 
summer, etc. This made the determination of thermal load, on buildings due to the sun 
and surrounding air one of the important subjects of refrigeration and air conditioning. 
However, the conditions that prevailed recently, namely the low fuel cost relative to that 
of labour, seems to have made simplicity the main objective of calculating methods 
rather than accuracy. This was to avail these methods to technicians and non-engineers. 
The recent change in relative cost made it imperative to reconsider these design methods 
and replace them by more accurate ones that would permit economic studies to be 
carried out concurrently. 

The following report is an attempt in this direction. In the first chapter, the general 
mathematical relations that govern the thermal behaviour of buildings are stated in 
general form. The similarity groups are then obtained by the so-called «differential 
method». The use of these groups gives more generality to a mathematical solution; they 
also give criteria for physical modeling of buildings which is a viable method for 
predicting heating and cooling loads and determining the effects of passive control 
devices for «solar houses». 

In the second chapter, the one-dimensional problem is considered and a method of 
solution is presented for the determination of the thermal effect of a simple single 
building component (roof, wall, etc.). Although the problem treated is that of controlled 
indoor temperature and the solution is for the heat flux density, the formulation is quite 
general and could be solved for either passive or positive control (or any required 
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PREFACE 



This is the final report on the project entitled «Thermal Load on Air Conditioned 
Buildings and Its Optimizations. 

Originally, Dr. Ali El-Shibani participated in this project. After the completion of 
the contents of the second chapter, his new commitments after his transfer from 
Al-Fateh University made his further participation in the project practically impossible. 
The project was, therefore, completed without the benefit of his cooperation. 

This report is presented in two parts: the text and the appendices. The latter are 
quite voluminous as they contain data calfed for in the project; they are not, however, 
essential for following the text contents. 
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